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1 
INTRODUCTION 
The cultural methods and preemergence herbicides current­
ly used for control of annual weeds in Iowa in row crop 
culture are ineffective unless the weeds germinate prior to 
implementation of the control practice. The number of seeds 
germinating and the timing of the germination in relation 
to the cultural and chemical practice are two critical 
factors which determine both the severity of an annual weed 
infestation and the success of control methods. The period 
of maximum germinability of annual weed seeds in Iowa is 
April through June and during this period row crop weed control 
pitetlces are most effectively accomplished. 
Weeds possess a variety of special germination mechanisms 
associated or related to tillage of the soil and responses to 
small resulting changes in the soil environment. Among the 
factors affecting annual weed seed germination that may be 
modified by tillage are; changes in temperature and altera­
tion of the temperature cycle; soil moisture variations and 
differential effects on the wetting-drying cycle; exposure to 
light and variable aeration. These interactions between 
changes in the micro environment around the seed and the 
sensitivity of the seed to these environmental changes could 
be exploited for improved weed control if causal relationships 
between them were established. An inviting initial approach 
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is that of controlling the germination of annual weed 
seed under field conditions. 
This study was undertaken to investigate the effects 
of soil aeration on germination of annual weeds and to de­
fine some of the parameters controlling annual weed seed 
germination in the field. 
I 
REVIEW OF LITERATURE 
The germination of most annual weeds occurs in the soil. 
In this instance the word soil implies all the physical, 
chemical and biochemical processes taking place in the solid, 
liquid and gaseous phases of soil and characteristic of 
both the living and nonliving components of the soil. The 
soil environment surrounding annual Weed seed is complex 
and dynamic with a continuing interaction between the various 
moieties of soil. The gaseous phase of soil, both amount 
and composition, Russell (1952) indicates, is generally 
accepted as influencing crop growth even though there is 
little quantitative evidence to support such a conclusion. 
Soil Aeration 
The gaseous phase of the soil can be evaluated in three 
different ways: (1) the volume it occupies, (2) the rate 
of exchange between it and the atmosphere, (3) its composition. 
For any particular soil, the amount of soil pore space 
characteristic of that soil can be determined experimentally. 
The fmount of pore space occupied by water is a reciprocal 
relationship and is determined by the amount of capillary 
to nbncapillary pores and the moisture content of the soil. 
Penman (1940a) investigated the rate of diffusion of 
carbon disulfide and acetone vapors through dry solids of 
various kinds, air dry soil and moist soil. He found the 
4 
equation 0/0^=6.668 adequately approximated the rate of 
diffusion during steady state conditions for the experimental 
technique he employed, D was the rate of diffusion of the 
vapor through the solid materials. 0^ was the rate of 
diffusion of the vapor into the atmosphere. S is the 
porosity of the solid. The approximation was good only 
for values of S greater than 0 but less than 0.7. 
Penman (1940b) continued his investigations using 
COg. He restricted his measurements to biologically inert 
dry granular solids to eliminate the effect of CO^ production 
by microbiota and adsorption of CO^ into water. He found 
the equation mentioned above was still a valid approximation. 
He demonstrated the rate of diffusion of CO^ was sufficient 
to explain the movement of that gas out of soils and mass 
flow was a minor factor. Russell (1952) and Currie (1961) 
concurred with that idea. 
Penman (19 40b) recognized that true steady state 
conditions for diffusion pf COg probably does not occur 
under field conditions. However, due to adsorption in the 
soil water and chemical combinations with the carbonates 
present,approximate steady state conditions would be estab­
lished. 
Currie (1960b) used pure hydrogen diffusing into air, 
or a mixture of hydrogen and air diffusing into air, to 
evaluate diffusion of gases in porous solids. He examined 
many different typeè of dry granular materials including 
three different soil types,employing a nonsteady state 
technique he devised, Currie (1960a). He concluded that 
the empirical formula t)/D^=»Yey was satisfactory for all the 
materials he tested. D was the rate of diffusion of the gas 
through the solid. was the rate of diffusion of the gas 
into the atmosphere. Porosity was represented by e. and 
attendant to porosity are y and y which are functions of the 
material used and can be determined experimentally. The 
actual physical significance of y and p could not be 
rigorously proved but he reasoned y was related to the mean 
porosity of the material while y was a measure of pore shape. 
The above equation was not expected to apply to wetted 
materials, since liquid, if present in large amounts, would 
alter the geometry bf the gas filled pores. 
Using wet granular materials and the identical non-
steady state technique Currie (1961) found two different 
diffusion relationships. Those relationships were related 
to the amount of pore space, capillary and noncapillary, 
that was filled with liquid. All diffusion measurements 
were made as the granular materials were dried from saturation. 
While only the noncapillary pores were being drained the 
empirical equation D=D^(e/e^)^ provided a good fit for all 
the data. Where D was the coefficient of diffusion, e the 
fractional airfilled volume, the volume occupied by the 
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noncapillary pores, the diffusion coefficient when only 
the noncapillary pores were filled with air and a was 
equal to or approximated by four for all materials. Such a 
relationship did not exist over the succeeding range when 
the capillary pores were being drained. He suggested that 
D for the second range was a function of at least five inde­
pendent variables. These variables were total porosity, 
crumb porosity, the shape factor for the crumb or intercrumb 
pores. The shape factor for the particles forming the crumbs 
and moisture content of the sample. 
,Currie (1961) reasoned the larger pores allow excess 
water to be drained easily while the smaller pores retained 
water. The smaller pores filled or partially filled with 
water would be the .site of the major biological activity 
in the soil. For this biological activity to proceed in 
a manner favorable to crop plants there must be diffusion 
of Og down the larger pores into the smaller pores while 
COg must diffuse in the opposite manner. 
Thé rate of diffusion, coupled with the amount of bio­
logical activity, both of which are affected by the amount 
of moisture present plus the effect of temperature on bio­
logical activity interact to determine, at least in part, 
the composition of the soil atmosphere, Russell and 
Appleyard (1915) examined the composition of the soil 
atmosphere in two different soil types under various cultural 
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practices. They concluded that the free air present in the 
soil pores to a depth of six inches,while similar to atmos­
pheric air,differed from it in two respects. The soil air 
contained more COg dndtless and fluctuated more in com­
position. 
Their plots were sampled twice a month over a period 
of almost two years. The average percent by volume of 
COg in the upper 6 inches was 0.25 percent. The corres­
ponding average percent by volume of was 20.96. The most 
extreme values they measured were 2.27 to 0.02 percent for 
COg and 18.82 to 21.20 percent for O^. The above 
values were obtained on two fields identified as Broadbalk 
and Hoos. The soil in those fields was described as a heavy 
loam with many stones. From their description the soil was 
apparently well drained and not subject to waterlogging. 
They stated the major source of COg in the soil was the soil 
microbiota. 
Additional samples taken by Russell and Appleyard (1915) 
on a field termed Geescroft over a period of four months, 
which due to poor structure was subject to becoming water­
logged, had extremes of 0.4 to 9.1 percent CO^ when dry and 
wet respectively. The corresponding extremes for 0^ were 
20.5 and 0.6 percent. They reported that usually the sum 
of the CO2 and O^ was slightly less than in atmospheric air 
but during periods when nitrates rapidly increased there was 
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a perceptible drop in the 0^ percentage,and a still greater 
drop occurred in waterlogged soils. 
Boynton (19 41) and Boynton and Reuther (1938) in­
vestigated the composition of the soil air on several dif­
ferent soil types in orchards in New York state. They found 
CO2 content increased with depth while 0^ content decreased. 
These results were the same as obtained by Russell and Apple-
yard (1915). Data reported by Yastrebou (1958) showed the 
same relationship. The magnitude of the CO^ increase and Og 
decrease was, Boynton (1941) reported, related to the texture 
of the soil. A sandy loam soil showed less CO^ increase and 
Og decrease over depth than a silty clay loam soil. He 
considered the amount of noncapillary pore space was a major 
factor which determined if a soil was well aerated, 
Ritchie (1964) measured the amount of CO^ in the soil 
atmosphere in corn at four depths for two days in August 
and one day in September. The samples were taken in plots 
representing five different combinations of tillage and 
herbicide treatments. The depths were three, six, nine and 
twelve inches. The sampling probes were approximately six 
inches from the row of corn stalks. The amount of carbon 
dioxide differed between treatments. The differences were 
apparently caused by differences in soil activity and were 
attributed to differences in soil moisture among treatments. 
In general, the higher the soil moisture the lower the soil 
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activity. This indicated to him the soil moisture 
I • 
was abovO that needed for optimum soil activity. He reported 
average values of 0,274 to 1,023 percent CO^ 
at the three-inch depth during the August sampling period. 
The average percent CO^ present at the six-inch depth 
for the same sampling period over the different treatments 
was 1.23 to 2,19, The values recorded at the same depths 
during the September sampling period while of the same order 
of magnitude were somewhat lower. 
Irrigation would be expected to have some effect on 
the aeration status and composition of the soil atmosphere. 
The effect of frequency of irrigation on CO^ and per­
centages on one soil was investigated by Furr and Aldrich 
(194 3). In general, they found the relationship of CO^ to 
Og in regard to depth the previous workers had reported. 
The amount and frequency of irrigation coupled with the 
impermeable character of top soil emphasized Russell and 
Appleyard's (1915) conclusion that during waterlogged con­
ditions the Og percentage can decrease to a greater extent 
than the CO^ percentage increases, 
Russell and Appleyard (1915) and Boynton (19 41) noted 
seasonal fluctuations in the composition of the soil 
atmosphere. In general there was a rise in CO^ percentage 
in the spring with a subsequent drop during the summer and 
a second rise during the fall. They concluded the CO^ 
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composition was dependent on temperature during the cooler 
part of the year and dependent dh moisture during the warmer 
part of the year, Chan (196b) also noted this increase in COg 
content in the spring and fall on a turfy podzolic soil in 
Russia. 
Carbon Dioxide and Seed Germination 
Over the years several researchers have investigated 
the role of COg related to seed germination. Kidd (1914a) 
demonstrated the inhibition of germination of some common 
field and horticultural crops by holding the moist seeds 
in atmospheres containing various levels of COg. The levels 
of COg range from 6 to 96 percent. Generally no inhibition 
occurred unless the COg exceeded 20 percent. Upon removal 
to atmospheric air the seeds germinated. The rate of 
germination in atmospheric air was proportional to the level 
of COg the seeds had been exposed too. Seeds exposed to 
extremely high levels of CO^ did not achieve 100 percent 
germination. Some of ^he Brassica alba seeds which were 
included in the seed tested did not germinate when placed 
in good germinating conditions in normal atmosphere. The 
exposure of moist B. alba seeds to higher levels of CO^ 
resulted in the formation of a degree of induced dormancy. 
As before, the severity of the effect was proportional to 
the level of carbon dioxide. 
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Kidd (1914b) continued the study and found the degree 
of induced dormancy could be influenced by temperature and 
the percent of 0^ present during the exposure to COg* The 
lower the temperature or the lower the percent 0^ present 
the less CO^ needed to induce a given degree of induced 
dormancy. In some cases germination of the B, alba 
seeds occurred only after they were completely dried and 
rewet or the testas removed. The seeds while in the induced 
dormancy which lasted as long as twelve months always appeared 
healthy and viible. 
Kidd and West (1917) concluded the production of a 
state of induced dormancy in B, alba required the presence 
of oxygen and a state of 100 percent induced dormancy 
could be accomplished only within a narrow range of CO^ and 
Og percentages. An additional and opposite effect was noted 
by Kidd (1914b). He found germination could be stimulated 
if the CO2 concentration was lower than the concentration 
needed to bring about induced dormancy. 
The rate of germination of the lower seed of cocklebur, 
Thornton (1935) reported, could be forced by exposing the 
seeds to atmospheres of 10 to 40 percent COg with 20 percent 
oxygen present. The experiments were carried out at 25® C 
which was below the temperature usually considered as optimum. 
The upper intact seeds which normally germinate at 33® C or 
higher in normal atmosphere could be forced to germinate at 
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25® C in atmospheres with high rates of COg plus 10 percent 
oxygen. 
Using hulled Johnson grass seeds,which exhibited induced 
dormancy, Harrington (1917) found additions of CO^, with sub­
sequent reduction in content, increased germination until 
the CO2 exceeded 50 percent in the atmosphere. In Air the 
germination was 6 percent and at 50 percent CO^ it v/as 52 
percent. In another experiment the Og concentration was 
maintained at 20 percent over all levels of COg. The 
maximum germination was achieved at 50 and 60 percent COg 
with 61 and 58 percent germination respectively. The seeds 
in air germinated 5 percent. While the higher COg 
percentages promoted germination, they slowed down subse­
quent growth compared to the growth of seedling in normal 
atmosphere. 
Working with lettuce seeds Thornton (1936) found 
various levels of COg could be substituted for the normal 
requirements of temperatures of 20° C or below when the 
seeds were" germinated in the dark. CO^ also substituted 
for the required temperatures of 26° C or below when the 
seeds were germinated in the light. The higher the temperature 
the greater the percent CO^ and time period needed to germi­
nate the lettuce seeds. The effect varied between the 
different varieties. 
Thornton (19 44) germinated nine economic seeds under 
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various levels of CQ^ up to 80 percent with 20 percent 
oxygen at temperatures of 5 to 35® C, These seeds were 
Faqopyrum esculentum, Brassica oleracea var. capitata. 
Delphinium allium cepa. Capsicum frutescons. Pisum sativum, 
Raphanus sativus, Helianthus annuus,Ly cope rs i con exculentum 
and Triticum vulgare. 
He found, in general, germination was inhibited only 
at the higher levels of COg and at the extremes of tempera­
ture. One exception was the germination of B. oleracea, 
which was stimulated by low concentrations of COp, In some 
combinations of temperature and COg the rate of germination 
was the same as obtained in the more favorable combinations. 
Normal germination of the inhibited seeds could be brought 
about without injury by removal of the seeds to a normal 
atmosphere. The inhibiting effect of CO^ was greatest at 
low temperatures, least at the intermediate temperatures 
and intermediate at the higher temperatures. In general 
growth of seedlings while exposed to carbon dioxide was 
retarded compared to growth of seedlings not exposed to it. 
Non hard, dormant subterranean clover seed,Ballard 
(19 58) reported,woul^ germinate if exposed to levels of COg 
ranging from 0.5 to 5 perfcent by volume. The degree of 
response to CO^ varied between varieties. Ballard (1961) 
/ ' 
demonstrated the COg promotion of germination of subterranean 
clover was temperature dependent. The effectiveness of 
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exposure to COg decreased sharply above 25® C and approached 
zero at 30® C degrees. He hypothesized germination was 
dependent on the level of some carboxylated compound within 
the seed. 
Research by Sells (1965) indicated some CO^'ef­
fect on germination of some of the major annual weeds common 
in row crop production in Iowa. Polygonum pensylvanicum 
germination increased in an almost linear fashion as the 
CO, percentage was increased up to 12 percent with 
0^ percentages which varied from 2.5 to 50 percent. This 
effect was greater at 15 and 20° C than at 25 and 30° C. 
In similar experiments with seeds of Setaria faberii 
germination was increased as the CO^ was increased to three 
percent and then declined at higher lev-els of CO^. 
With the S; faberii experiments 25° C was the only tempera­
ture used. Setaria lutescens exhibited a response similar 
to that of S. faberii. 
Further studies of the germination of Polygonum 
pensylvanicum were initiated by Ernst (1968). He found 
storage of dormant seeds at low temperatures in an atmosphere 
of 10 percent CO^ hastened the rate of after ripening. 
Germination of nondormant P. pensylvanicum seeds at different 
temperatures and levels of CO^ were studied. Results indi­
cated germination was temperature dependent with the highest 
germination at 10 and 15^ C. However, the higher level of 
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COg increased germination at 20 and 25® C but had no effect 
at 30® C. He proposed that the important factors controlling 
dormancy and germination of P. pensylvanicum were temperature, 
COg and moisture levdls of the seeds. 
Germination of Annual Weeds 
The dormancy germination pattern of Setaria lutescens 
was studied by Nieto-Hatem (1963) , Generally seed of S^ . 
lutescens as it matured and fell from the plant was in a 
state of inherent dormancy. This dormancy was caused by 
the endosperm and hulls which exert and separate and combined 
effects. The endosperm dormancy was broken by moist, cool 
temperature in the fall. Dormancy caused by the lemma and 
palea was terminated by low temperature stratification 
during the winter. The unfavorable weather and hull effects 
prevent germination until the following spring. He observed 
90 percent or more germination of seed left to overwinter 
on the ground. Embryos from both caryopsis-and hull-con-
ditioned dormant seed grew on nutrient medium. He cautioned 
against accepting the growth of the embryos as conclusive 
proof of lack of embryo dormancy. Leaching experiments 
for inhibitors in the caryopsis or hulls were negative. 
Nieto-Hatem (1963) did show that all dormant seed contained 
significantly more of an unidentified compound in the lipid 
soluble portion of caryopsis than did nondormant seed. A 
Ifi 
causal link between the unidentified compound and dormancy 
was not established. 
Bush (196 4) sampled Setaria lutescens seeds after 
ripening in wet and dry soil in the field and germinated 
them in the lab. After-ripening was completed in the dry 
soil, 13 weeks after placing the seed in the field bût 
at that time it was not completed in the wet soil. After-
ripening occurred faster at the 3 and 6 inch depths than it 
did at the 0 and 1 inch depths. He also followed germination 
in the field. It started on April IS, 1964, 22 weeks after 
the seed was placed in the f;.eld and occurred first in the 
wet soil. The percent germination achieved in the field 
was as high or higher at the 6 inch depth than at the other 
depths. Emergence was greatest from the wet soil and essen­
tially no emergence occurred from seeds placed at the 6 inch 
depth. 
King (1952) studied the germination of Setaria. faberii. 
He found seed not exposed to outdoor winter conditions 
exhibited erratic germination patterns. The seed lot he used 
when germinated on filter paper in petri dishes for 21 days 
seldom had more than 34 percent germination. Germination 
could be stimulated by placing soil in the petri dishes, 
soaking for 24 hours in 2 percent KNO^ and 1 percent NaSCN, 
use of alternating temperature of 21 to 37° C or by 
pretreating in a moist media at 21® for seven days. 
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Freshly mature steed of Polygonum pensylvanicum generally 
J ( 
exhibits inherent dormancy according to Bush (lAGA). 
Justice (1941), LaC%oi% (lOfil) and Ernst (infiR) have studied 
the requirements necessary to stratify freshly matured seed 
of P. pensylvanicum in the làh. In general, a moist, low 
temperature regime of 0 to 10® C is required. Bush (1964) 
placed freshly matured seed in moist and dry soil on approxi­
mately November 1, 1963 at 4 depths and sampled it at inter­
vals until the following summer. He also noted the germina­
tion which occurred in the field. Seeds sampled from the 
field and tested in the lab showed germination only for the 
period of IB to 24 weeks after burial. The highest percent 
for the 20 to 24 weeks germination observed was 18 percent. 
No samples germinated in the lab after 31 weeks in the soil. 
For the same time period of 20 to 24 weeks seeds left in the 
field in moist soil at thé 1 and 3 inch depths averaged 
70 percent germination. Seeds placed in the dry soil and 
left in the field never germinated higher than 30 percent. 
The different germination patterns between wet and dry soil 
may be indicative of a moisture requirement for after-ripening 
or for germination. He reasoned the different results ob­
tained between field germination and lab germination meant 
the termination of dormancy in the field was followed by 
immediate germination or the conditions in the laboratory 
were not suitable for optimum germination. 
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Ernst (196 8) démohstrated that seeds which had been 
stratified under moist, cold conditions in the lab and which 
gave rather high germination percentages would, if dried, 
revert back tô a high level of dormancy. Seeds over­
wintered in the field and placed in cold storage in soil 
did not germinate as woll as lab stratified seed but if 
dried did not revert bhck into dormancy. 
f 
After a study on the c.ormancy-germination pattern of 
Albutilon theophrasti LaCroix (1961) concluded the major 
cause of dormancy was a water impermeable seed coat. The 
suggestion was made that the chalazal opening acts as a 
very sensitive one way control valve for loss of moisture 
from the seed such as in hard seeded legumes. About 10 
percent of the seeds of a recently mature lot of seed 
exhibit a characteristic ridge like protrusion above the 
chalazal slit. Examination of the water loss of maturing 
seed revealed the seeds in the last days of maturing dropped 
from 45 percent to 19 percent in 2 to 3 days. The rapid loss 
of moisture may cause stress on the seed coat and result in 
the subsequent fracture above the chalazal opening. Germ­
ination tests of newly matured seed revealed a close corres­
pondence between the germination percentage and the percent of 
seeds exhibiting the protrusion, lie examined the seed 
for the presence of germination inhibitors and found 
evidence for their presence in the seed coat. The inhibitors 
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were more effective in the presence of light than in the 
dark. He suggested the inhibitors may act in a short term 
manner to prevent germination of imbibed nondormant seed. 
The hard seed coat was believed to be the major cause of 
long term dormancy in the soil and the characteristic frac­
ture of the seed coat the major cause of nondormant seed, 
Amaranthus rotroflexus was studied by Barton (194S). 
She demonstrated A, retroflexus was dormant when freshly 
harvested and germinated only if held at temperatures of 
30 to 40° C, A collection of A, retroflexus seeds was made 
in 1942 and 1943, The seeds were placed in germinators at 
20® C and germination over time was followed. Germination 
was sporadic for some of the seeds during the course of the 
experiment while some of the seeds did not germinate over a 
6 year period. She found germination could be brought 
about by raising the temperature to 35° C, rubbing the seed 
in the palm of the hand and returning to 20° C environment, 
by partial desication or by use of alternating temperatures, 
McWilliams (1965) germinated Amaranthus retroflexus in 
laboratory, greenhouse and field conditions. He found the 
response of A, retroflexus to different environments, 
particularly alternating temporaturns, was rather complex. 
He used a system of alternating temperatures and attempted to 
prcdict the timo of germination by using a system of 
accumulative heat Units, He found it did not hold if the 
20 
temper a turr; extremes were large. 
Soil Aeration and Soil Tillage 
Blake and Page (1948) followed weight changes of a 
closed porous cup containing carbon disulfide burind 1 
foot deep to measure gaseous diffusion in the field. The 
d.ata indicated a linear relationship between diffusion rate 
and porosity of the soil and the relationship could vary 
between different soils. They suggested in those instances 
where diffusion approached zero on soils with above zero 
porosity that blockage of the soil pores by water films 
was the probably cause. Diffusion rates varied with the 
cropping system and the seed bed preparation method used 
on the two soils which were Brockston clay and Paulding clay 
investigated in this part of the study. Comparison of the 
seed bed preparation methods with diffusion rates ranked 
disking lowest, rototilling above disking and subsurface 
sweeps above rototilling. Each plot had the same tillage 
treatment repeated on it for several years prior to the 
diffusion measurements. 
Oxygen diffusion rates through a field soil were 
measured by Raney (1949). He performed his experiments 
on Ovid silt loam soil and found that in general there was 
little difference between the effect of regular plowing and 
subsurface tillage on partial pressure or diffusion rate of 
21 
oxygen. However, disked and rototilled plots gave higher 
values for density and lower values for diffusion rate and 
partial pressure of oxygen at 4, 8 and 12 inch depths. 
22 
MATERIALS AND METHODS 
î 
The effect of soil aeration on germination of annual 
weed seeds was studied under field conditions, in the labora­
tory and in the greenhouse. Gas chromatography was used to 
monitor the CO^ and 0^ in the soil atmosphere and the experi­
mental atmospheres employed in laboratory studies. Facilities 
of the Statistical Consulting Service were used in deter­
mining the experimental designs and for the computations of 
the analyses of variance of each of the experiments. In the 
field, tillage operations and injection of CO^ and 0^ into 
the soil, were used to modify the soil atmosphere. Measure­
ments'. of soil atmosphere composition, soil moisture, soil 
temperature and counts of emerged weeds were obtained. In 
the laboratory experiments seeds were germinatd at constant 
temperatures in constant flow atmospheres with predetermined 
combinations of COg, Og and N^. In the greenhouse experiment 
soil aeration treatments were applied to soil held at constant 
temperatures and the germination of annual weed seeds was 
determined. 
Field Experiments 
Injections of COg and 0^ under field conditions were made 
in a Colo silt loam soil at Ames, Iowa in May, June, August 
and September of 1967; a similar experiment was conducted 
23 
during April and May of 1968. In each of the field experi-
i : 
ments two tillage methods were used. Soil temperature was 
f 
measured by mercury thermometers or by thermocouples. 
Soil moisture at two depths was determined from soil samples 
taken by hand. Soil atmosphere samples were taken from two 
different depths. Weed emergence counts were taken using 
2 1000 cm quadrats. 
The field had a high natural infestation of annual 
' weeds commonly found in Iowa row crop production fields. Major 
weed species present were Setaria lutescens, S, faberii. 
Polygonum pensyIvanicum and Amaranthus retroflexus, No crops 
were planted on the field during the two years of experimenta­
tion, The field was fall plowed prior to each experimental 
season. Experimental areas were chosen from the total area 
available in a statistically random manner, and were disked 
once or twice beforehand depending on the date the experi­
ment was begun. 
Field experiments were termed weed seed germination ex­
periments, were numbered in sequence as executed, and here­
after are designated as WSG 1 through WSG 4, The experimental 
design of WSG 1 and WSG 2 was an incompletely randomized block 
with three replications. The incomplete randomization re­
sulted from dividing the total plot area into halves and 
assigning a tillage treatment to each half. A randomized 
block design was uned in WSG 3 and WSG 4. In these two 
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experimnnts the tillage treatment was assigned to plots at 
rondoiii v/ithln replication. For wnc 1 through Wf;r. 3 
tlin Uillago ii iploi'ionts were a disk and a rototiller. The 
tillage ir'iplomonts used in VJSG A were a rototiller and a 
springtooth cultivator. The depth of all tillage operations 
was 15 to 18 cm. 
The experimental plots were 1,5 by 4.5 m in size. The 
gas injection,treatments applied to each of the tillage 
treatments were termed check, pass, CO^ and 0^. The check 
plots had no treatment beyond the tillage method assigned. 
The gas injection implement was used on the pass plots but 
no gas was injected into the soil. The CO^ was injected 
through seven anhydrous ammonia knives mounted on a tool bar 
30 to 35 cm apart spanning 2.3 m. A cylinder of CO^ was 
mounted in front of the tool bar. The cylinder was weighed 
before any COg was injected. The gas was injected at 20 
psi into ea-ch plot with the flow being turned off between 
plots. Every effort was made to keep the period of time for 
gas injection the same for each plot. After all the plots had 
been treated the cylinder wis reweighed. Oxygen was injected 
in the same manner. 
Soil temperature was measured with mercury thermometers 
at various depths for experiments WSG 1, WSG 4 and the first 
five days of WSG 2, A 24 bank recording potentiometer was 
used for the remainder of WSG 2 and all of WSG 3, It was not 
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possible to havn the potentiometer and thermocouples in the 
experimental plot area so the thermocouples were placed in 
a simulated plot area close to the field laboratory. The 
simulated plot was approximately 46 m and 22 m from 
the WSG 2 and WSG 3 plots respectively. It was tilled by 
hand to resemble the disked plots and when WSG 3 was irri­
gated it was irrigated also. 
Soil air composition was measured at the 5 cm depth 
for WSG 2, WSG 3 and WSG 4. It was measured at the 10 cm 
depth for WSG 1 and WSG 3. Soil air samples were withdrawn 
from the soil through soil gas sampling probes as described 
by Ritchie (1964). The gas sampling probe consisted of a 
1/8 inch tubing union compression fitting for soft copper 
pipe. The restrictions in the center of the fitting were 
drilled out. A length of 1/8 inch o.d. soft copper tubing 
was inserted inside the fitting so it was flush with the top 
end of the fitting and extended a short distance below the 
bottom of the fitting. The tubing was soldered in place. A 
length of 1/16 inch o.d. hardened capillary copper tubing 
was inserted into the bottom of the 1/8 inch tubing and 
was positioned so the top of the 1/16 inch tubing was 
1.25 cm below the top of the fitting. The capillary tubing 
was then soldered in place. The length of the 1/8 inch and 
1/16 inch tubing was determined by the length of the soil air 
probe desired. The 1/8 inch tubing serves as a sleeve to 
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stiffen the smaller tubing. The top of the compression 
fitting was turned smooth in a small metal lathe. A 1 inch 
length of 1/8 inch copper tubing was inserted about 1/16 
inch into the top of a nut for the compression union and 
soldered. The 1 inch length of tubing served as a guide 
for the needle of the gas tight syringe. The tubing-solder 
fabe on the inside Of the nut was turned smooth. A self-
sealing silicon rubber septum was placed on top of the com­
pression fitting and the nut with its needle guide screwed 
down on top. The pfopér size for the septum was obtained by 
cutting the septum with a No. 3 cork borer. The tip of the 
1/16 inch tubing was compressed shut and ground into a point. 
A short distance above the point a hole was filed into the 
side of the tubing until a small opening was present. With 
the opening of the probe on the side above the tip the probe 
could be inserted into the soil with a low probability of 
becoming plugged. The 1/16 inch hardened capillary tubing was 
obtained from Microtek Instruments Corporation, Baton Rouge, 
Louisiana. The selfsealing silicon rubber septums were 
ordered from Varian Aerograph, Walnut Creek, California. 
Soil air samples were taken during one time interval of 
20 or 4n minutes and analyzed later. The soil air samples were 
withdrawn fron the soil with a 2.5 ml capacity Hamilton gns 
tight syringe equipped with a Chaney adaptor. The syringe 
had a standard gas chromatograph needle. The procedure was 
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to withdraw a 0.25 to 0.5 m] soil air sample, remove the 
nyringe from the probe, and expell it into the atmospliort.. 
Thon the syringe was reinserted into the probe and the syringe 
plunger slowly drawn back to a volume of 1,5 ml. The 
syringe was left in this position for 10-20 seconds to in­
sure the sample taken was at atmospheric pressure. Then 
the syringe was withdrawn and the needle was immediately 
sealed by one of the selfsealing septums. When the sample 
was to be analyzed the septum was removed and the needle 
tip placed under water. The plunger was turned to engage 
the Chaney adaptor and the extra 0.5 ml of sample slowly 
expelled. The needle was kept under the water until all 
bubbles had" ceased emerging. This assured the 1 ml sample 
to be injected was at atmospheric pressure. Then the needle 
was pushed through the self sealing septum of the gas 
chromatograph injection port and the sample injected with 
a smooth rapid motion. 
Soil moisture samples were taken in 5 cm increments 
to a depth of 10 cm on either the check plot or the pass 
plot of each experiment in both types of tillage over the 3 
replications. Soil moisture samples were usually taken every 
time soil aeration samples were taken. The samples were on 
or just adjacent to the plot from areas which seemed to 
represent the average condition of the plot on that particular 
day. The soil was placed in tared soil moisture cans. The 
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cans were weighed within one hoar of the time of sampling 
and the lids removed. The soil was dried at 104° C for 
2 to 3 days and reweighed. 
Weéd counts wete taken eis much as possible on even 
day intervals starting as soon as emergence was visible 
on the plots. A 20 by 50 cm quadrat was used to obtain 
the number of emerging weeds on an area basis. The 
enumerator turned his head or closed his eyes and tossed 
the quadrat onto the plot to make the selection of the 
area counted as random as possible. The emerging seedlings 
were divided into grass and broadleaf seedlings; no attempt 
was made to identify separate species. For WSG 1 three 1000 
square cm emergence counts per plot per date of sample 
were taken and averaged. Five quadrat counts per plot per 
date of sample were taken and averaged for the other WSG 
experiments, 
Laboratory Experiments 
Laboratory experiments were designed to investigate 
the effect of different levels of CO^ on germination of 
Setaria species in an atmosphere utilizing a constant flow of 
the gas mixture through chambers held at various-constant 
temperatures, Ty/o different germination media were used. 
The experimental design was a completely randomized factorial. 
The levels of carbon dioxide used were atmospheric, and 
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2 ,  4, 6 ,  8, 10 and 12 percent. The 4 species utilized were 
S, lutescens, S. viridis, S. faberii and S. italica var, 
gentian. Constant temperatures of 15, 20, 25 and 30" C were 
maintained. Germination counts were taken the 7th and 
14th day after starting the experiment. The experiment 
was terminated after the 14th day. Seeds were germinated 
on blotter paper and in soil. There were two replications 
of 100 seeds each for each species on each germination 
medium. Two series of experiments were completed. The 
first series used samples of Seteria each of which had a 
high percent of germination and will be called LWSG 1 here­
after. Each sample of Seteria used in the second series 
had a different level of germination and was designated 
LWSG 2. 
Four model 3630 and four model 3640-National Appliance 
Company anaerobic germination cabinets with heating elements 
were used to maintain the controlled environment. The 
germinators were placed in an 8° C cold room. The heating 
elements were thermostatically controlled and maintained 
the temperature set inside the cabinets within + 0,5° C. 
CO2 from cylinders was mixed with air from the building 
air supply using a National Appliance Company Flowmaster No. 
3634. The COg-air mixture was piped to a plexiglass mani­
fold; which consisted of a closed cylinder 10,5 cm by 20 cm. 
The inlet was on one end of the cylinder and the outlets were 
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in the other end. From the plexiglass manifold equal lengths 
of tygon tubing were connected to the intake ports on the 
anaerobic germinators. Equal length pieces of tygon from 
the exhaust ports of the cabinets vnntcd tho gas flow out­
side; tho cold room in which the germinators were placed. 
With eight cabinets and four temperaturns ^ only two 
levels of CO y could be studied at any given tiino. The 
order in which variôus levels of carbon dioxide were to be 
used in the experiments was established in a statistically 
random manner prior to the initiation of the experiments. 
Determination of which cabinets would be assigned to either 
one of the two sets of four cabinets was done at random. 
The four temperatures were then randomly assigned within 
each group of four cabinets. The arrangement of cabinets, 
flowmeters and manifolds are shown in Figures 1 and 2, 
The volumes of the No, 36 30 and No, 36 40 geminators 
were 12,54 and 44,65 1 respectively. The volume of any four 
randomly chosen cabinets could range from 60,15 1 if all 
the small cabinets were in one system, to 178,81 1 if the 
large cabinets were grouped into one system. Once the 
particular sets of four cabinets were chosen a flow rate 
was calculated which would change the volume in the four 
cabinet system four times per hour. The manifold was equipped 
with a sampling port and the level of CO^ was checked using the 
gas chromatograph. Usually a check was made once a day. More 
Figure 1. The anaerobic chambers, flowmeters and manifold 
used in LWSG experiments 
Figure 2. A closeup of the Flowmeters and manifolds; the 
second manifold is unlabeled and is in the upper 
center of the picture 
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Manifold 
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frequent checks were made if the level of CO^ varied more 
than 0.2 percent from the desired value. 
The composition of the gas flowing through the 
germinators and of the soil atmosphere samples were analyzed 
on a Varian Aerograph 90-P-3 gas chromatograph linked to 
a Leads and Northrup Model H recorder with a disk integrator. 
It was the same instrument combination described by Sells 
(1965) with a few minor changes. The basic design of the 
chromatograph consisted of internal and external column 
in a continuous tube with the thermodetector in between the 
columns. With the preceding arrangement carbon dioxide, 
oxygen and nitrogen could be analyzed for each sample. 
The internal column was stainless steel 40 by 1/4 inches 
packed with 30/60 mesh silica gel. The second column was 
also stainless steel with dimensions of 15 feet by 1/4 
inch. The second column was packed with 90% 30/60 mesh 
13 X molecular seive and 10% 30/60 mesh 5 A molecular sieve. 
The flow of gas passed through the internal column first, 
then through one side of the detector, then into the external 
column and back through the other side of the detector. The 
internal column separated the carbon dioxide from the rest 
of the sample while the external column partitioned the 
oxygen and nitrogen. 
The carrier gas was helium with an outlet pressure of 
20 psi at the regulator and a flow rate of 75 ml min. 
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The temperature of various components of the gas chromato-
graph was maintained at the following values: injection 
port —110* Cf internal column —110® C, detector —12n° c 
and the external column at room temperature of 22 to 24® C. 
The detector Current was 200 milliamps. One side of the 
detector served as reference for the carbon dioxide peak and 
the other side served as reference for the oxygen and nitrogen 
peaks. The alternation of different sides of the detector 
for reference necessitated the installation of a switch on 
the recorder to reverse the polarity of the incoming signal 
to maintain a uniform signal direction. It took 4,5 minutes 
from the time of injection till thm final peak was resolved, 
Ritchie (1964) and Sells (196 5) discussed the factors 
which influence the accuracy' of the gas chromatngraph when 
quantitative measurements are made. The first requirement 
is a column system which gives separate and well defined 
peaks. Almost equally as important is a consistent injection 
technique. Flow rate, temperature of the vnrious components, 
detector current and column length must bo balanced to give 
separate and well resolved peaks. 
The peaks obtained with a standard gas mixture of known 
composition are used as the basis for computing the composi-
I • . 
tion of the sample. Ritchie (196 4) found the percent carbon 
dioxide in a sample has a linear relationship with peak 
height while the percent oxygen and nitrogen are linear with 
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peak area. The peak height or area of the unknown component 
times the appropriate attenuation factor is compared to the 
percentage gas and peak height or area times the attenua­
tion factor for the standard gas to calculate the percent 
gas present in the sample. The attenuation factor is a 
value given for the resistance applied to the detector 
circuit to keep the peak within scale on the chart paper. 
The above method of calculation assumes samples of identical 
size injected with an identical technique which is not a 
wholly valid assumption, Ritchie (1964) presented a method 
called normalization which can be used to compensate for 
variations of that type. 
The threè weedy Setaria species used in LWSG 1 were 
harvested at different times during the fall of 1966 from 
a weed nursery maintained at a plot area designated as Ash 
Avenue, The first 4 months after the seeds were harvested 
they were kept in cloth bags at 22® C, Thereafter they were 
stored at temperatures of 5 to 8® C until used. The Setaria 
species used in LWSG 2 were harvested from the same area 
during the fall of 1967, Stored at 24° C in cloth bags for 2 
months and then stored in a 5 to 8° C cold room. Standard 
germination was run on the seeds in the fall of 1967 to 
acess the percent germination. The standard germination 
procedure consisted of placing 2 layers of circular blue 
blotter paper in 9 x 1,5 cm petri dishes, wetting the blotter 
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paper with an excess of tap water and pouring off the excess. 
Fifty or 100 seeds were placed on the blotter paper with 
three or four replications of each sample. The petri dishes 
were covered and placed in a 20 to 30® C alternating temperature 
germinator. The temperature cycle was 15 hours at 20® and 9 
hours at 30*. Germination was counted on the seventh and 
fourteenth day after the initiation of the experiment. 
Standard germination checks were initiated each time an— 
experiment was started in the anaerobic germinators to 
insure no basic change in the germination percentage of 
any of the samples of seed occurred during the duration 
of the LWSG experiments. 
The circular blue blotter paper used for a germination 
medium in the anaerobic cabinets was placed over a reservoir 
of water in the following manner. A strip of blue blotter 
paper 25 cm long and 1.2 cm wide was cut and the ends over­
lapped and stapled. This was placed in a 9 by 1.5 cm 
petri dish to form a concentric circle within th-e'petri 
dish and 75 ml of distilled deionized water was added. 
One layer of circular blue blotter paper was placed on 
top of the circular wick and the seeds were placed on top 
of the blotter paper. The petri dishes were placed in 
the anaerobic germinators without tops. 
The soil used as a germination medium was contained 
in a wooden, open topped, square box with a cheese cloth 
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bottom. White garden stakes 2.7 x 30 cm were cut into 
8.5 cm lengths and the tapered ends discarded. Four of 
the pieces were taped end to end with scotch brand fiber 
packing tape at the corners and stapled. This formed an 
8.5 by 8.5 by 2.7 cm box with neither top or bottom. 
Four thicknesses of cheese cloth were stapled inside the 
box to form the bottom. The cheese cloth was supported 
underneath by 2 strips of fiber tape placed at right 
angles to each other and stapled to the outside center 
of each side of the box. The box was filled with 75 ml 
of soil obtained from the soil bin of the research green­
house. The seeds were placed on the soil and covered with 
an additional 25 ml of soil. The soil was saturated with 
35 ml of distilled, deionized water and the excess allowed 
to drain off. The additional water was added every third 
or fourth day during the 14 day experimental period. 
Greenhouse Experiment 
A system which approximated field conditions yet allowed 
control over somn of the variables not easily controlled in 
the field was established in the greenhonse. Soil was main­
tained at constant temperatures in water baths during the 
aeration treatments. Germination of each of the Setaria 
species wan deternincd at each combination of soil temperature 
and aeration. : 
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The four previously described species uned for LWSG 1 
were geminated in soil at 15, 20, 25 and 30° C. The aeration 
treatments were none, aeration with air from the green­
house air supply and aeration with air containing 6 percent 
COg. There were 100 seeds of each species in each treatment 
combination. Germination counts were taken at 7 and IS day 
intervals. The experimental design was a factorial with 
only one replication. 
A thin layer of washed pea gravel was placed in the 
bottom of a stainless steel container. Soft copper tubing 
was placed on top of the layer of gravel. The tubing was 
bent to conform to the shape of the container but was 5 to 7 cm 
from the sides. The tubing was placed parallel around three 
sides and half way across the end then bent 90 degrees and 
placed down the center of the container to within 12 cm 
of the far end of the container. The end of the tubing 
was pinched shut and holes drilled the length of the tubing 
at 2,5 cm intervals. Additional pea gravel was placed over 
the tubing until a total of 4 1 of gravel had been placed in 
each container. Each container was filled 9 1 of soil. The v 
soil was 1/6 peat, 2/6 sand and 3/6 soil from the soil 
supply in the greenhouse. 
The flow of air and COg-air mixture was controlled by the 
Flowmasters as described in the LWSG experiments with some 
changes. The flow rate was set to change the air in the con­
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tainers about 4 times per hour. Since this flow rate was 
much lower than the ones used in the LWSG experiments it 
was necessary to route the air through the CO^ part of the 
Flowmaster and the flow of carbon dioxide was controlled 
by a bubble meter constructed from an inverted pipet and 
a COg regulator. The soil was wet initially with 600 ml 
of water and additional amounts were added to maintain uni­
form moist conditions in all the soil containers. 
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RESULTS OF FIELD AND LAB EXPERIMENTS 
This investigation has provided a preliminary indication 
of the variations of CO^ and components of the soil atmos­
phere under field conditions, in conjunction with obsnrved 
changes in soil moisture and temperature. The effects of 
shallow tillage and injections of CO^ and on weed seed 
germination wore suggested by the observed patterns of weed 
seedling er crgence. 
Studies Conducted During the 19^7 Season 
Preliminary measurements 
Prior to the initiations of the l experiment, noil 
atnosphere samples, soil moisture samples and soil tempera­
ture readings were taken at three randomly located sites in 
the field chosen for the experiment. The primary purposes 
of these measurements were to assess the conditions present 
in the field and to check the sampling methods and techniques. 
Soil atmosphere samples were obtained__from depths of 5 
and 10 cm. Soil moisture samples were taken approximately 
30 cm from the locations of the soil atmosphere probes, at 
depths of 0 to 5 and 5 to 10 cm. Soil temperature readings 
were taken at 5 cm depths with mercury bulb thermometers, 
at each of the soil atmosphere sampling sites. The three 
readings were averaged to obtain a value for soil temperature. 
Since plots were not established at this time, the counts of 
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weed seedlings per 1000 cm , were the averages of 30 samples 
taken at random ovef the field. 
The soil moisture data are presented in Figure 3; 
changes in soil temperatures are represented in Figure 4; 
Figures 5 and 4 give the percent by volume of CO^ 
and respectively. Inspection of these four figures indi­
cates a probable relationship between temperature and the 
amount of CO^ in the soil atmosphere. From April 6 through 
April 14 the increases and decreases in soil temperature 
were paralleled by similar upward and downward fluctuations 
in the percent COg at each depth. The amount of CO^ at the 
10 cm depth was always greater than that present at the 5 
cm depth and showed greater variation from one sampling 
date to the next. Comparison of Figure 3 with Figure 5 
from April 1?. through April 17 indicated a relationship 
between changes in soil moisture and amount of CO^ in the 
soil atmosphere. 
Examination of the data shown in Figure 6 indicated 
no clear cut relationship between depth and percent or 
between soil temperature and the percent , in the soil 
atmosphere. Comparison of the percent CO^ with the percent 
Og over time indicated that from April 8 through April 17 
the increase and decrease fluctuations of the two gases were 
in sequence. Samples taken on April 12 may be of particular 
significance since rainfall occurred just prior to sampling. 
Figure 3. Soil moisture, as percent of dry weight, at each 
of three depths; preliminary measurements in 1967 
(1) 0 to 5 cm 
(2) 5 tb 10 cm 
(3) 10 to 15 cm 
Figure 4, Soil temperatures in °C at the 5 cm depth; pre­
liminary measurements in 196 7 
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Figure 5. Percent GO- by volume in the soil atmosphere at 
two depths; preliminary measurements, 1967 
(1) 5 cm 
(2) 10 cm 
Figure 6. Percent 0^ by volume in the soil atmosphere at 
two depths; preliminary measurements, 1967 
(1) 5 cm 
(2) 10 cm 
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The data suggests that during periods of precipitation the 
percent COg in the soil atmosphere was at atmospheric values 
or less, even to a depth of 10 cm. 
On April 8, 1967, the first emerged weed seedlings were 
observed on the experimental field. Over 50 percent of the 
seedlings were grassy species and the majority were assumed 
to be Setaria species. Two broadleaf species were present, 
AbutiIon theophrasti and Polygonum pensylvanicum. More 
A, theophrasti seedlings had emerged by April 8 than P, 
pensylvanicum. Figure 7 summarizes the weed counts taken 
on April 11 and April 15. Grasses emerged at a slightly 
faster rate than the broadleaf seedlings. 
WSG 1 
This experiment was begun on April 18, 1967 and soil 
atmosphere and moisture samples were taken through April 2R. 
The disking and rototilling operations were completed during 
the morning of April 18. The individual plot areas were 
measured and staked and the CO^ injections completed in the 
afternoon. Approximately 0.68 kg. of COp was injectod ah a 
copth of 15 cm into each plot area. At standard temperature 
and pressure this was approximately 355 1 of CO^, a volume 
sufficient to flush thoroughly the empty pore space in tho 
volume of soil present in thr top 15 cm plot area assuming 
that 25 percnnt of the volumo in pore space not filled with 
water. Complete flushing may not have occurred however since 
2 Figure 7. Numbers of emerged weeds per 1000 cm ; preliminary measurements' 
in 1967 
(1) Broadleaf 
(2) Grass 
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the injection knives were placed 30 to 35 cm apart anc' the 
extent of lateral movement of the CO^ was unknown. Oxygen 
injection v;cis not carried out in this experiment because it 
was not possible to apply it on the samn rlay as tho C()^ 
injection. 
Figures R and 9 show the soil moisturns for the rototill 
and disk plots respectively. For this experiment tlie soil 
moisture sarples were obtained from the disk and rototill 
check plots. The soil moisture reached a maximum on April 
20 and again on April on both the disk and rototill 
plotë. The soil moisture for the 0 to 5 cm depth of the 
disk plots matched and exceeded that of the 5 to 10 cm 
depth on April 20 and April 26 respectively. The soil 
moisture of the 0 to 5 cm depth of the rototill plots was 
always less by one percent or more than the 5 to 10 cm depth. 
Soil temperatures for the 5 cm depth of the disk and 
rototill check plots are presented in Figure 10. Soil 
temperature data for April 19, 20 and 26 was not obtained. 
There v/as a cold period during April 21 and April 22. The 
soil temperature data for April 22 obtained at 12:05 to 
12:15 p.m. Four out of the five times soil temperature was 
measured the rototilled plots were warmer than the disk plots 
by a degree or more. The soil temperature data were obtained 
at the time of sampling the soil atmosphere and do not 
represent the same time period in each day. 
Figure 8. Soil moisture às percent of dry weight at two 
depths from check treatments of rototill plots 
for WSG 1 
(1) 0 to 5 cm 
(2) 5 tô 10 cm 
Figure 9. Soil moisture as percent of dry weight at two 
depths from check treatments of disk plot for 
WSG 1 
(1) 0 to 5 cm 
(2) 5 to 10 cm 
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Figure 10. Soil temperature in °C at 5 cm in the check 
treatments of the two tillage treatments for 
WSG 1 
(1) disk 
(2) rototill 
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The percentages of COg at the 10 cm depth in the roto-
till and disk plots are presented in Figures 11 and 12 
respectively. The amount of COg in the check and pass 
treatments of the disk plots appeared to be similar through­
out the duration of the experiment. Both showed a general 
increase in CO^ from April 24 through April 28. The percent 
CO2 for the CO^ injection treatment on the disk plots 
reached a maximum on April 19 and declined through April 24 
then showed a gradual increase. From April 21 to the term­
ination of the experiment the amount of CO^ in the CO^ in­
jected disk plots was consistently less than that found in 
the other two treatments on the disk plots. The rototill 
plots showed a different response. Except on April 18 and 
26 the percent CO^ of the check treatment was greater than 
the level of CO^ in the other two treatments. This difference 
was greatest on April 20 and 28. The pass and CO^ treat­
ments had essentially the same percent CO^ except on April 
18. Both treatments showed minimum readings on April 19 
and 22; after April 19 the majority of samples were between 
0.05 and 0.06 percent COg. 
Oxygen content of the soil atmosphere ranged between 19 
and 20 percent consistently; there were no important differ­
ences among any of the tillage or injection treatments. Data 
are summarized in Table 1. 
Figure 11. Percent CO^ by volume in the soil atmosphere at 
the 10 cm depth in the three treatments on the 
rototill plots for WSn 1 
(1) check 
(2) pass 
(3) CO 2 
Figure 12. Percent CO^ by volume in the soil atmosphere at 
the 10 cm aepth in the three treatments on the 
disk plots for WSG 1 
(1) check 
(2) pass 
(3) COg 
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Table 1. Average perdent 0_ at 10 cm depth in disk and 
rototill plots of WSG 1 
Treatment Date - 1967 
April 18 19 20 21 22 24 26 28 
Disk 
Check 19.8 19.5 19.8 19.3 19.0 19.4 19.3 19.4 
Pass 19.0 19.4 20.0 19.5 19.1 10.7 18.8 19,9 
CO2 19.4 19.2 20.0 20.1 19.3 20.5 19.6 20.4 
Rototill 
Check 18.5 19.5 19.9 19.2 19.6 20.6 18.8 19.6 
Pass 19.0 19.1 19.7 19.9 19.1 20.1 19.8 20.0 
GO2 19.6 19.0 19.5 19.9 18.9 20.3 19.6 19.8 
On April 28 so few weeds had emorgod on the plots the 
decision was made to initiate another experiment. Conse­
quently counts of emerged weeds were nade nfter t'le terminn-
tion of sarpling. Figures 13 and 14 show the average number 
9 
of the total emerged weeds per 1000 cm" for eac!\ of the 
Lroatr,oni:r3 on the two different tillage methods. More woods 
emerged on the rototill plots than on t^^e disk plots. 
The average number of emerged grass anc: broadleaf 
seedlings for each of the three treatments on the disk plots 
cire represented in Figures 15 and 16 respectively. Figures 
17 and in show the average number of emerged grass and broad-
2 loaf seedlings per 1000 cm" for the rototill plots respective­
ly. lioth types of weed seedlings on both tillage methods 
resppnded in a similar manner. The check plots had the 
greatest number of emerged weeds, the CO^ plots had an inter­
mediate number and the pass plots had the least. 
In Table 2 an analysis of variance of the emerged seedling 
Figure 13. Average numbers of emerged weed 
seedlings per 1000 cm on the 
three treatments of the disk 
plots for WSG 1 
( 1) check 
(2) pass 
(3) COg 
I 
Figure 14. Average numbers of emerged 
weed seedlings per 1000 
cm2 on the three treat­
ments of the rototilled 
plots for WSG 1 
(1) check 
(2) pass 
(3) CO2 
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Figure 15. Average of emerged grass seed­
lings per 1000 cm^ on the three 
treatments of the disk plots 
for WSG 1 
(1) check 
(2) pass 
(3) COg 
I 
Figure 16, Average of emerged broad-
leaf seedlings per 1000 
cm- on the three treat­
ments of the disk plots 
for MSG 1 
(1) check 
(2) pass 
(3) CO2 
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Figure 17. Average number of emerged grass 
seedlings per 1000 cm^ on the 
three treatments of the rototill 
plots for MSG 1 
(1) check 
(2) pass 
(3) CO2 
Figure 18. Average of emerged broad-
leaf seedlings per 1000 
cm2 on the three treat­
ments of the rototill 
plot for WSG 1 
(1) check 
(2) pass 
(3) COg 
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Table 2. Analysis of variance for emergence of week seedlings 
measured in WSG 1 
Emergence 
determined Source df MS 
Emergence Cultivation 1 207.30** 
of weed Replication 2 18.56** 
seedlings Treatmeht 2 62.71** 
Pooled error 6 4.36 
Emergence Cultivation 1 108.42** 
of grass Replication 2 2.54* 
seedlings Treatment 2 7.76** 
Pooled error 6 0.71 
Emergence Cultivation 1 110.10** 
of Replication 2 34.94** 
Broadleaf Treatment 2 63.02** 
seedlings Pooled error 6 1.84 
4r 
Equals significance at the 1% level. 
* 
Equals significance at the 5% level. 
data is presented. Cultivation, replication and treatments 
were all significant at the five percent level or higher for 
total-emergence, and emergence of grassy and broadleaf 
seedlings. The different cultivation methods were not ran­
domized over the experimental area and the analysis for 
cultivation is therefore not wholly valid. Examination of 
the graphs indicated a probable difference between the two 
tillage methods. The largest amount of difference would 
appear to be between the emergence of the broadleaf weeds. 
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WSG 2 
The preparatory disking and rototilling operations were 
d o n e  o n  A p r i l  2 H ,  à n d  t h e  C O ^  a n d  0 ^  i n j e c t e d  o n  M a y  2 .  
Approximately 0.54 kg of CO^ was injected into the soil of 
each plot. At standard pressure and temperature this amount 
of COg would have a volume of 275 1 which would be sufficient 
to flush the pore spade in the soil to 15 cm depth 
in the plot area. Injection of 0^ added approximately 55 
gm per plot which would be about 38 1 at standard temperature 
and pressure. This volume of Og would not be sufficient 
to flush the soil pore space of the plot. 
Soil moisture samples for WSG 2 were taken from the 
check plots of the two different tillage methods. The per­
cent soil moisture for the 0 to 5 cm and 5 to 10 cm depths 
for the rototill and disk plots are shown in Figures 19 
and 20. Soil moisture content at equivalent depths were 
similar between the two tillage methods. During the first 
half of the experiment there generally was a "i to 10 percent 
difference in soil moisture content between the shallow 
depth anci the deeper depth. During the latter half of the 
experimental period this difference was usually on the order 
of one percent. As expected the shallow depth was the 
drier of the two. 
Figure 21 shows the soil temperatures at the 5 cm depth. 
For the first seven days of WSG 2 soil temperature was taken 
Figure 19. Soil moistures, as percent dry weight, at two depths fron check 
treatments of the rototill plots for w'SG 2 
(1) n to 5 cm 
(2) 5 to 10 cm 
Figure 20. Soil moisture, as percent dry weight, at two depths from check 
treatments of the disk plots for vJSG 2 
(1) 0 to 5 cn 
(2) 5 to 10 cm 
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Figure 21. Soil temperature in ° C  at the 5  cm depth measured by two different 
methods on the disk and rototill plot and on a simulated disk plot 
for WSG 2 
(1) disk-check treatment-mercury thermometer 
(2) rototill-check treatment-mercury thermometer 
(3) simulated disk plot-thermocouple 
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with mercury bulb thermometers on the check treatments of 
the disk and rototill plots. Starting on May 10 the soil 
temperature was obtained using iron-constantan thermocouples 
and a Honeywell 24-bank recording potentiometer. The 
temperature data from the thermocouple are the values for 
10:00 a.m. for each day of the experiment from May 10 to 
June 12. Most of the soil atmosphere samples for WSG 2 
were taken in the morning between 9:00 and 10:00 a.m. For 
the four dates when soil temperature was obtained using 
mercury thermometers the rototill plots were one or more 
degrees warmer than the disk plots. The assumption can 
probably be made that this difference in temperature did in 
fact exist during most of the experiment. There was a general 
warming trend throughout the experiment except for a cold 
period centered about May 30. From examination of Figure 
19 and 20 it is apparent the cooling trend observed during 
May 27 through May 31, accompanied the increase in soil 
moisture from May 25 through May 31. 
The average percentages of CO^ and by volume in the 
four treatments of tlie disk and rototill plots at the S cm 
depth are given in Table 3. The amount of CO^ in the soil 
atmosphere increased with time for all treatments of this 
experiment. The percent of CO^ in the soil atmosphere for 
all treatments under both tillage methods, while differing 
somewhat in magnitude, increased and decreased in phase with 
Table 3. Average percent CO- and 0_ in soil atmosphere at the 5 cm depth in 
rototill and disk plots or WSG 2 
Treatment May 
Rototill 3 
Date - 1967 
5 8 10 13 15 20 25 29 
June 
2 6 8 12 
Check 
0^ 
.045 
19.3 
.041 
20.1 
.064 
19.5 
.060 
19.8 
.054 
19.5 
.032 
18.8 
.140 
19.3 
.127 
19.8 
.249 
18.9 
.113 
18.7 
.098 
17.0 
.023 
17.8 
.742 
18.9 
Pass 
.040 
19.9 
.047 
19.6 
\ 
.047 
19.3 
.088 
19.4 
.132 
19.9 
.040 
18.3 
.140 
20.S 
.115 
10.6 
.292 
18.8 
.083 
18.3 
.084 
18.0 
.027 
20.6 
1.34 
18.3 
> .037 19.6 .032 20.0 .024 19.7 .034 18.9 
\ 
.066 
19.6 
.0 31 
18.6 
.106 
19.4 
.079 
19.7 
.242 
19.3 
.067 
18.4 
.442 
18.4 
.670 
17.6 
. 242 
20.0 
.028 
19.9 
.027 
19.8 
.053 
19.6 
.040 
19.6 
.098 
19.5 
.025 
18.7 
.119 
19.9 
.094 
19.9 
.277 
18.0 
.053 
18.8 
.373 
17.9 
1.17 
18.7 
.502 
20.3 
Disk 
Check 
C0_ 
°2 
.040 
19.0 
.036 
19.9 
.064 
19.8 
.037 
19.6 
.076 
19.0 
.052 
19.5 
.124 
19.4 
.084 
20.3 
.121 
18.8 
.104 
17. 8 
.582 
18.6 
.19 2 
18.4 
.920 
18.7 
Pass 
.048 
19.6 
.054 
19.6 
.063 
19.0 
.058 
19.3 
.054 
20.0 
.052 
18.6 
.128 
19.2 
.113 
19.7 
.340 
18.8 
.107 
18.4 
.301 
18.4 
.156 
19.0 
.969 
19.4 
°2 
.034 
18.8 
.035 
19.7 
.032 
19.2 
.040 
19.2 
.060 
19.3 
.029 
18.5 
}l20 
18.7 
.088 
19.3 
.138 
18.3 
.097 
18.5 
.350 
18.1 
.444 
20.2 
.110 
20.5 
CO, 
°2 
.030 
19.3 
.031 
19. f-; 
.073 
19.1 
.n4P 
19.6 
. 246 
19.7 
.0 42 
18.5 
.123 
19.1 
.005 
14.6 
.255 
IF.5 
.111 
19.1 
.532 
IP.4 
.312 
19.4 
1.29 
19.3 
\ 
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each other throuqh June 1, There was a divergence in phase 
after June 1. This was particularly noticeable in the 
rototill plots. Thn check and pass plots remained in phase 
with each other as do the CO^ and 0^ plots but the two sets 
were not in phase with each other. After Juno 1 tlie maxirum 
levels of CO^ in the soil atmosphere were two or three times 
greater than any maximum achieved prior to June 1. The 
data showed a general trend for percent 0^ to decrease as 
the experiment continued. This trend was more apparent in 
the data from the rototill plots than from the disk plots. 
2 The average numbers of emerged seedlings per 1000 cm 
for the disk and rototill plots are shown in Figures 22 and 
23 respectively. More weeds emerged from the rototill 
plots than from the disk plots. The difference in slope 
of the check treatment compared to the other treatments 
of the disk plots suggests a difference in environment 
effecting emergence of the weeds on the check plot even 
though none of the data reported reflects such a difference. 
The average number of emerged grass seedlings per 1000 
2 
cm on the four treatments of the rototill and disk plots are 
shown in Figures 24 and 25 respectively. More grass seedlings 
emerged on the rototill plots than from the disk plots. By 
the fourth counting date the check plots under both tillage 
treatments had fewer emerged seedlings than any of the other 
treatments. This difference was greater for the disk plots 
Figure 22, Average number of emerged weed seedlings per lono 
cm^ on the four treatments of the disk plots 
for WSG 2 
(1) check 
(2) pass 
(3) CO, 
(4) 0,2 
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Figure 23. Average number of emerged weed seedlings per inoxi-
cm^ on the four treatments of the rototill plots 
for WSG 2 
(1) check 
(2) pass 
(3) CO. 
(4) 0,2 
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Figure 24. Average number of emerged grass seedlings per 1000 
cm^ on the four treatments of the rototill 
plots for WSG 2 
(1) check 
(2) pass 
(3) CO. 
(4) 0,' 
•I 
Figure 2^. Average number of emerged grass seedlings per 1000 
cm2 on the four treatments of the disk plots 
for WSG 2 
(1) check 
(2) pass 
(3) CO. 
(4) 0,2 
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than for the rototill plots. 
Figures 26 and 27 show the average number of emerged 
2 broadleaf seedlings per 1000 cm on the rototill and disk 
plots respectively. There was a trend for the rototill 
plots to have more emerged broadleaf weeds at the later 
counting dates tha^ the disk plots. In all cases but one 
there was essentially no change or even a small decline in 
the number of emerged broadleaf weeds from the fourth counting 
date to the fifth counting date. 
The analysis of variance of the weed emergence data is 
presented in Table 4, The only significance indicated was 
for cultivation for the total emergence and for grass. As 
pointed out before the test for cultivation was not 
completely valid. However the data presented in Figures 22, 
23/ 24 and 25 would tend to support the analysis of variance. 
WSG 3 
The disking and rototilling operations for this experi­
ment were carried out on August 7, 1967; the gas injection 
treatments were done on August 9. Approximately 0.78 kg of 
CO2 was injected into each plot. This weight of CO^ at 
standard temperature and pressure is approximately 396 1 of 
gas which was sufficient to flush completely the pore space 
to a depth of 15 cm in soil of the plot. Approximately 0.22 
kg of Og was injected into each plot, an amount which at 
Figure 2fi. Average number of emerged broadleaf seedlings 
per 100Ô cm on the four treatments of the 
rototili plots for WSC 2 
( 1) check 
(2) pass 
(3) CO-
(4) o/ 
Figure 27. Average number of emerged broadleaf seedlings 
per 1000 cm2 on the four treatments of the disk 
plots for WSG 2 
(1) check 
(2) pass 
(3) CO, 
(4) Og"^ 
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Table 4, Analysis of variance for emergence of weed 
seedlings counted in WSG 2 
Emergence 
determined Source df MS 
Total emergence Cultivation 1 5 8.35* 
Replication 
within 
cultivation 4 10.97 
Treatment 3 1.62 
Pooled error 15 12.25 
Emergence of grass 
seedlings Cultivation 1 18.01** 
Replication 
within 
cultivation 4 2.09 
Treatment 3 1.29 
Pooled error 15 1.00 
Emergence of broad-
leaf seedlings Cultivation 1 39.68 
Replication 
within 
cultivation 4 20.70 
Treatment 3 3.08 
Pooled error 15 13.41 
if it 
Equals significance at the 1% level. 
*Kquals significanre at the 5% level. 
standard pressure and temperature yielded about 150 1 of gas 
which was not sufficient to fill the pore spaces of the soil. 
The soil I'loisture in the 0 to 5 cm and 5 to 10 cm deptlis 
for the disk and rototill plots is shown in Figures 2B and 
29 respectively. For this experiment the soil moisture 
samples were taken from the pass plots of the two tillage 
methods. The total plot area was irrigated using sprinklers 
on August 21 and 29. During the first irrigation 1,56 acre 
Figure P.P-, Soil moisturo as pmrcnnt of dry weight at two 
depths from pass treatment of the disk plots 
for WSG 3 
(1) 0 to 5 cm 
(2) S to 10 cm 
04 
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Figure 29. Soil moisture, as percent of dry weight, at two 
depths frôm the pass treatment of the rototill 
plots for WSG 3 
(1) 0 to 5 cm 
(2) 5 to in cm 
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inchos was applied. The second time 0.r>7 aero inches of: 
water Wcis applied. These two irrigations provirled the mont, 
prominent features of the soil moisture graphs. Of the two 
sampling depths under the two tillage methods, the 0 to % 
cm depth of the rototill plots showed the greatest fluctua­
tion in soil moisture content while the 5 to in cm depth 
of the disk plots showed the least variation. 
Soil temperatures at the 5 cm depth at 10:00 a.m. and 
2:00 p.m. each day for the duration of the experiment are 
contained in Figure 30. The temperature was recorded with 
thermocouples on the simulated disk plot used for WSG 2. 
On August 13 and 20 the soil temperature at 10:00 a.m. 
was below 15® C. There was more fluctuation in temperature 
from day to day for the morning readings than for afternoon 
readings. For most of the experiment the ten;;erature for 
the morning and afternoon readings for the same day were in 
phase with each other although the difference between the 
two temperatures varied from day to day. 
The percent CO^ in the soil atmosphere at the 5 cm 
depth of the disk and rototill plots is shown in Figures 31 
and 32 respectively. Large CO^ peaks occurred on August 7.2 
and 30 with both cultivations. On August 22 all treatments 
of the disk plots exhibited COp percentages within 0.12 
percent of each other. On August 30 the percent CO^ of 
the check plot was more than twice that of any of the other 
Figure 30. Soil temperature in °C at the 5 cm depth at two 
different times of the day on the simulated 
disk plot for WSG 3 
(1) lOtOn a.m. 
(2) 2:00 p.m. 
% ( #  
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Figure 31. Percent CO^ by volume, in the soil atmosphere 
at 5 cm depth in the four treatments of the disk 
plots for WSG 3 
(1) check 
(2) pass 
(3) CO, 
(4) o/ 
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Figure 3 ? .  Porcont C0„ by volume, in tlie soil atmosphere at 
the 5 cm depth in the,four treatments of the 
rototill plots for WSG 3 
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treatments but was lower than the value measured on August 
22. The percent CO^ for each of the other treatments while 
less than that measured on August 22 was, considering each 
treatment individually, higher than that measured on any 
other sampling day. 
The rototill plots were somewhat different from the 
disk plots. On August 7.7. the CO^ percont of the check plot 
on the rototill cultivation was almost four times greater 
than that of any other treatment on that day. On August 
30 the COg percentage in the soil atmosphere on the check 
plot was lower by more than,50 percent of what it was on 
August 22. The level of CO^ of the check plot on August 30 
was a little more than twice that of the other treatments 
for the same day. On the rototill plots the percent COg 
of the check plot was greater than or equal to the level of 
CO^ in any of the other treatments on all days of samplings. 
This was not true of the check plot on the disk cultivation. 
The high levels of CO^ measured on August 2 2 and 30 are 
apparently due to the irrigation of the plots on August 21 
and 29. 
The percent and COp of the soil atmosphere of the 
disk and rototill plots at the 5 cm levol is presented in 
Table S and fi respectively. There did not appear to be 
any particular relationship between any treatment and the 
percent O^ at the 3 cm depth. 
Table 5. Average percent CO- and in soil atmosphere at the 5 cm depth in disk 
plots of WSG 3 
Treatment If 
;"!^pt;iv>cr 
1 " 
Check 
CO^ .157 .130 .139 .157 .093 .601 .14? .111 ."OC .13^ .^"3 
0^- 18.6 17.6 21.1 19.2 20.7 20.3 19.5 1«.1 IF.% 1^.2 17.9 
Pass 
CO, 
0^" 17.t 12.^ 19.6 in.2 in.n 19.3 10.5 19.6 10.2 IP.o 19.5 
,, .0Ç5 ."7/ .102 .07-1 .056 .64? .17F .111 .213 .13^ .10: 
• ' o  
CO- .065 .083 .074 .056 .065 .611 .120 .093 .157 .14C .024 
18.4 18.0 19.2 17.5 20.0 19.8 19.8 19.4 18.5 18.9 18.0 2 
0 
^CO- .065 .074 .093 .056 .046 .537 .093 .111 .185 .130 .074 
O2 - 19.1 17.2 19.6 18.9 19.4 19.6 19.8 18.0 18.5 19.3 18.6 
Table 6. Average percent CO- and 0- in soil atmosphere at 5 cm depth in rototill 
plots of VvSG 3 
Treatment AjJ^ust^^Date^ 1967 
16 18 22 24 28 30 
September 
1 5 
Check 
CO .176 .204 .157 .111 .111 1.91 .213 .148 .722 .139 .120 
°2 18.7 14.6 19.4 19.0 19.3 18.0 19.5 19.6 18.0 19.0 18.2 
Pass 
CO .056 .065 .065 .046 .083 .453 .130 .083 .333 .093 .056 
O2 15.2 18.4 19.8 19.0 20.0 18.5 19.7 18.9 19.0 19.0 18.1 
CO 
go. .046 .074 .074 .037 .056 .453 .111 .046 3.24 .083 .056 
02' lE.l 17.6 19.5 17.1 20.1 19.3 20.1 17.1 18.2 18.8 18.2 
°2co 
.083 .111 .093 .074 .056 .518 .130 .120 .278 .139 .065 
02' 16.9 18.4 19.5 19.1 19. 8 19.6 21.9 19.6 19.1 18.1 18.7 
96 
Tables 7 and 8 contain the percent CO^ and in the 
soil atmosphere at the 10 cm depth of each of the treatments 
on the disk and rototill plots respectively. Samples were 
not taken on August 22 at the 10 cm depth but they wore 
taken on August 30, No large differences between the percent 
COg in the check and other treatments were measured although 
on that date the percent CO^ of the check on each of the 
tillage methods exceeded that of the other treatments with 
the same tillage treatment. No CO^ value for any treatment 
on either of the tillage methods at the 10 cm depth was 
below 0,10 percent. At the 5 cm depth almost half the 
measured CO^ percentages were below the 0,10 percent level. 
There seemed to be no particular relationship between any 
treatment with either tillage method. The percent at the 
10 cm level tended to be lower than the at the 5 cm 
level and fluctuated less from one sampling day to the next. 
An analysis of variance of the percentages of CO^ 
and Og at the two depths showed a significant difference in 
levels of COg at the 5 cm depth. Table 9 gives a summary 
of the analysis of variance. The significance for treatments 
was due in large part to the high levels of CO^ measured on 
the check plots. The treatment cultivation interaction 
resulted largely from the different levels of CO^ observed 
in the check plots in relation to the levels of CO^ for 
the other treatments within each type of tillage. 
Table 7. Average percent C0„ and in soil atmosphere at the depth 10 cm in disk 
plots of wsG 3 
Treatment 
August 
in 
Date 
11 
- 19G7 
14 
r 
16 24 28 3n 
September 
1 5 
Check 
CO .321 .321 .169 .188 .19 7 .176 .278 .154 .157 
°2 10.6 10.4 10.G 19.6 10.3 IC.g 18.6 18.8 18.5 
Pass 
C0_ .123 .145 .130 .105 .250 .179 .105 .206 .19 4 
°2 19.2 19.9 19.8 19.0 19.3 17.8 18.6 19.1 19.3 
CO 
.130 .164 .191 .169 .324 .114 .185 .206 .284 
19.1 19.9 20.7 19.2 19.3 17.8 18.6 19.2 17.8 
CO .117 .142 .114 .10 8 .213 .169 .250 .371 .354 
02' 19.3 19.4 19.8 19.3 19.6 19.4 18.1 19.2 18.9 
~s 
Table 8. Average percent CO. and 0_ in soil atmosphere at the depth 10 cm in 
rototill Plots of WSG 3 
Treatment August 1^1 
Date 
11 
- 1967 
14 If 24 29 30 
September 
1 5 
Check 
CO^ .330 .3np . ipq .216 .139 .123 .241 .262 .243 
On" 19.3 l°.c 20.9 in.3 19.3 IP. R 19.5 in.3 19 .9 
Pass 
CO^ .151 .167 .160 .129 .20 6 .176 .194 .179 .157 
20.2 19.9 29.5 IT.4 19. R 18.4 IP.3 19.9 19.0 
CO, 
CO, .243 .19 4 .14? .117 .17% .14 2 .1-4 .1^7 .145 
1^.7 29.4 19.7 19.3 17.r 17.0 IP.P IP. 9 IP.? 
. 2^1 .23-Î .1^7 .15 4 .27P .219 .173 .179 .IPS 
10.1 19 . 3 19.9 19.4 10.3 17.9 IP.. P 29.0 IP.7 
Table 9. Analysis of 
atmosphere 
variance of percent 
at five cm depth of 
CO- in soil 
MSG^3 
Source df MS 
Replication 2 0.147 
Cultivation 1 o.onn 
Treatment 3 0.4?n** 
Treatment by 
cultivation 3 0.120* 
Pooled error 14 0.039 
Lquals significance at the 1% level. 
* 
Equals significance at the level. 
The average number of total emerged weeds for the disk 
and rototill plots is Fhown in Figures 33 and 34 respectively. 
The major difference between the two tillage treatments 
was the manner in which the rank of the treatments shifted 
between counts in Figure 33, while in Figure 34 the relative 
positions of the four treatments was constant throughout the 
experiment. There was a trend for the check plot of the 
rototill plots to have more emerged weeds than other treat­
ments and a suggestion that COg injections produced slightly 
better weed emergence under disk tillage. 
The average number of emerged grass and broadleaf seed-
2 lings per 1000 cm on the disk plots is represented in 
Figures 35 and 3fi respectively. More broadleaf weeds emerged 
than did grassy weeds with disk tillage. 
Figure 33. Average number of emerged weed seedlings per lOOn 
cm2 on the four treatments of the disk plots for 
WSG 3 
(1) check 
(2) pass 
(3) C0_ 
(4) 0^^ 
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Figure 34. Average number of emerged weed seedlings per lOOn 
cm^ on the four treatments of the rototill plots 
for WSG 3 
( 1) check 
(2) pass 
(3) CO-
(4) 0,2 
AVERAGE no. OF EMERGED SEEDLINGS / 1000 cm 
Figure 35. Average number of emerged grass seedlings per 1000 
cm2 on the four treatments of the disk plots for 
MSG 3 
(1) check 
(2) pass 
, (3) CO 
(4) 0,: 
Figure 36. Average number of emerged broadleaf seedlings per 
1000 cm2 on the four treatments of the disk plots 
for WSG 3 
( 1) check 
(2) pass 
(3) CO 
(4) 0,2 
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Figures 37 and 38 show the average number of emerged 
2 grass and broadleaf weed seedlings per 1000 cm with the 
rototill tillage. The emerged grass seedlings on the check 
plot was greater than any of the other three treatments and 
the other three treatments tend to group together. The 
larger total number of weeds on the check plot is due for 
the most part to the larger number of emerged grass seed­
lings although the number of emerged broadleaf weeds was 
greater on the last two counting dates than on any other 
treatment. 
The analysis of variance of the weed emergence data 
is given in Table 10, Cultivation was significant at the 
one percent level for emergence of grass seedlings. In this 
experiment the cultivation treatments were randomized 
throughout the plot area and the test for significance is 
valid. Treatments for grass emergence was significant at 
thn 5% level and both effects are probably due to the high 
number of grass sendlingn which emerged from the rototill 
check plots, 
[1 tudins Conducted During r fîonnon 
Prclininary measurements 
Prior to the initiation of WSG 4 soil atmosphere, soil 
moisture and soil température sanpler. vro.rr. taken from th-^ plot 
where soil température for HSC 2 and URn ?, was measured the 
Figure 37. Average number of emerged grass seedlings per lOno 
cm2 on the foiir treatments of the rototill plots 
for WSG 3 
( 1) check 
(2) pass 
(3) CO. 
(4) Og'! 
Figure 38. Average number of emerged broadleaf seedlings per 
1000 cm^ on the four treatments of the rototill 
plots for WSG 3 
( 1) check 
(2) pasa-
(3) CO, 
(4) 0,2 
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Table 10. Analysis of variance of weed emergence of weed 
seedlings in WSG 3 
Emergence 
determined 
Total weed emergence 
Grass emergence 
Broadleaf emergence 
Source df MS 
Replication 2 4.131 
Cultivation 1 29.123 
Treatment 3 16.279 
Treatment by 
cultivation 3 16.417 
Pooled error 14 16.8149 
Replication 2 3.037 
Cultivation 1 56.374** 
Treatment 3 21.265* 
Treatment by 
cultivation 3 5.265 
Pooled error 14 5.906 
Replication 2 6.459 
Cultivation 1 0.123 
Treatment 3 1.061 
Treatment by 
cultivation 3 9.936 
Pooled error 14 10.911 
** 
Equals significance at the 1% Idvel. 
Equals significance at the 5% level. 
previous year and from three random locations of the field to 
be used for WSG 4. The first preliminary samples from the 
temperature plot were taken on March 18, 196P. The first 
samples from the disked ground were obtained on March 29, 
196 8. For the temperature plot sampling, three probes for 
each depth to be measured were positioned in rows to facilitate 
the drawing of soil atmosphere samples. In the sampling 
sites, which were randomly positioned in the disked ground, 
one probe was placed for each depth to be sampled. Soil 
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moisture samples were taken in an area within aim radius 
of the soil atmosphere sampling probe. Soil temperature 
readings were taken within 30 cm or less of the sampling 
probe. The average values for percent CO^, and of the 
soil atinosphcro, for soil moisture and for soil tninporaturo 
for the temporaturo plot and the disked ground arc given 
in Tables 11 and 12 respectively. Tho soil of the temperature 
plot had not been plowed in the fall of 1967 and was not 
disked in the spring of 196 8. While it could not be con­
sidered sod ground it was different from the fall plowed 
ground around it which had been disked on March 28. On March 
10 the level of COp in the soil atmosphere of the temperature 
plot was extremely low. Over time the percent of CO^ in­
creased, particularly from March 18 to March 2^. Examination 
of the CO^ levels in Tables 11 and 12 woulci seem to indicate 
a trend for the level of COp in the disk plots to be lower 
than that found in the temperature plot. The dates of ob­
taining samples overlapped on only one date so this supposed 
trend cannot be established with any certainty. The level 
of COp in the newly disked ground would be expected to he 
approximately at atmospheric levels due to the stirring of 
the soil. On both plots the percent of COp was higher at the 
10 cm depth than at the 5 cm depth. 
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Table 11. Average percent CO^ and O, in soil atmosphere, 
average soil temperature and average soil moisture 
at five ahd ten cm, depth on temperature plots for 
preliminary measiirhmeints of 196P 
Variable f)nto - IHGH 
Measured March ih 25 26 27 2') 
Percent COg & 0^ 
5 cm CO, 
"2 
.002 
18.9 
.015 
18.5 
.023 
19.2 
.018 
18.7 
.0 31 
17.9 
10 cm CO, .001 
18.9 
.034 
1R.9 
.049 
19.1 
.037 
in.8 
.051 
18.3 
Soil Temperature 
5 cm 
in cm 
20 
13 
11.q 
10.5 
11.9 
10.5 
18.8 
13.6 
Soil Moisture 
n-5 cm 
5-in cm 
11.no 
23.6 8 
2 8.82 
26.74 
Table 12. Average percent CO» and Op in soil atmosphere, 
average soil te~pernture ând average soil moisture 
at five and ten cm depth on disked ground for pre­
liminary measurements of 19G8 
Variable Date - 1968 
Measured March 29 April 3 8 
Percent COg r< 0^ 
5 cm CO„ .017 .020 .009 
17.9 19.1 19 .3 
10 cm CO. .0 32 .022 .015 
18.2 19.5 18.6 
Soil Temperature 
5 cm 19.0 14.0 13.4 
10 cm 13.8 10.0 11.3 
Soil Moisture 
0-5 cm 17.12 19.87 2n.36 
5-10 cm 23.88 27.04 25.qq 
Ill 
V/SG 4 
Instead of disking, onr half of thn plots vie.ro. fclllecl 
with a sprincjtooth cultivator. The other oner half of thn 
plots were rototilled. All tillage operations wore done 
at depth of 15 cm. The tillage operations were done during 
the morning of April 9 and the gas injection treatments 
were carried out during the afternoon. 
Approximately 0.61 kg was injected into each CO^ plot. 
At standard temperature and pressure this was approximately 
320 1 which was sufficient to flush all the pore space in 
the plot to a depth of 15 cm. The amount of injected 
into each 0^ plot was 0.11 kg which at standard temperature 
and pressure was approximately 78 1. This amount of was 
not sufficient to flush the pore space in the 0^ plots. 
Soil moisture samples for WSG 4 were taken from the 
check and pass plots of both the springtooth and rototill 
tillage methods. The percent soil moisture as percent of 
dry weight at the 0 to 5 and 5 to 10 cm depths are shown in 
Figures 39 and 40 for the rototill and springtooth plots 
respectively. Within cultivation methods there was little 
difference between the 0 to 5 or the 5 to 10 cm of the check 
or pass plots. In the comparison of equivalent depths between 
the two tillage methods,for both the check and pass plots, 
there was very little difference. What little difference 
existed was generally found at the 0 to 5 cm depths. 
Figure 39. Soil moistures, as percent of dry weight in two 
different treatments at two depths on the roto-
till plots tor WSG 4 
(1) Gheck-0 to 5 cm 
(2) check-5 to 10 cm 
(3) pass-0 to 5 cm 
(4) pass-5 to 10 cm 
Figure 40. Soil moistures, as percent of dry weight, in two 
different treatments at two depths on the spring-
tooth plots for WSG 4 
(1) check-0 to 5 cm 
(2) check-5 to 10 cm 
(3) pass-0 to 5 cm 
(4) pass-5 to 10 cm 
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Shown in Figures 41 and 42 is the soil temperature at 
the 5 cm depth for the springtooth and rototill check and 
pass plots respectively, Sevon out of the eight times soil 
temperature was measured on the check plots the rototill 
plots were warmer or equal to the springtooth plots. Five 
out of the seven times temperature was measured on the pass 
plots the springtooth plots were warmer than the rototill 
plots. Comparing all four temperature curves the differences 
between the curves occur on April 10 and April 15 through 
April 21. However no consistent differences are apparent. 
The average percent COg and 0^ in the soil atmosphere 
at the 5 cm depth for the springtooth and rototill plots 
are contained in Tables 13 and 14a respectively. Samples were 
taken from the CO^ plot immediately after the CO^ had been 
injected on April 9. Samples were not taken from any of 
the other plots on that day. Samples taken on April 9 
definitely show the effect of CO^ injection. The difference 
between the springtooth plots and the rototill plots could 
have been caused by different retention characteristics 
between tillage methoas or resulted from the random place­
ment of the soil sampling probes on the plots. From April 17 
to April 25 the percent CO^ in the check and pass plots on 
the rototilled cultivation were essentially the same and con­
sistently greater than in the CO^ and plots on the same 
tillage method. The percent COp in the soil at the 5 cm depth 
Table 13. Average percent CO^ and Og at 5 cm depth in springtooth plots bf WSG 4 
April Date - 1968 May 
9 10 12 15 17 \ 21 25 26 29 1 Treatment 
Springtooth 
Check 
2 
Pass 
CO, .053 .007 ,022 .038 .045 .026 .028 .036 .023 
O^"^ 19.0 18.8 19.3 19.0 19.4 18.9 18.6 19.3 19.0 
CO. .018 .006 .018 .025 .020 .019 .029 .022 .019 
O^^ 18.9 18.8 18.9 18.7 19.0 18.3 19.3 19.0 19.0 
2 
CO 
CO 2.57 .024 .008 .023 .031 .03n .021 .029 .042 .018 
0^ 18.4 18.9 18.9 20.2 18.9 19.0 18.7 19_..3 18.6 18.8 
C0_ .010 .007 .020 .036 .028 .034 .049 .040 .032 
0^ 18.7 18.9 19.3 18.9 19.4 19.1 19.3 19.5 19.0 
Table 14a. Average percent CO^ and Og at 5 cm depth in rototill plots of WSG 4 
Treatment 
April Date - 196 8 May 
9 10 12 15 17 21 25 26 29 1 
Rototill 
Check 
2 
Pass 
CO. .016 .008 .020 .052 .038 .038 .032 .041 .027 
19.0 18.8 19.1 19.2 19.4 18.9 18.6 18.6 18.9 
CO. .018 .010 .025 .053 .040 .036 .043 .050 .029 
0^"^ 19.0 18.9 19.3 18.9 19.0 18.5 . 19.2 19.1 19.3 2 
CO 
CO. 4.88 .011 .010 .018 .028 .025 .020 .040 .024 .014 
O2 18.5 20.2 18.7 19.5 19.3 19.1 19.0 19.3 19.3 19.3 
°2 
^ CO .009 .011 .023 .019 .025 .017 .028 .035 .022 
0^ 10.0 19.0 18.8 19.1 19.3 19.2 19.1 19.6 18.8 2 
\ 
Figure 41. Soil temperatures, in ®C at the 5 cm depth on the 
check treatments of the two different tillage 
methods for WSG 4 
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Figure 42. Soil temperatures in °C at t^ie "5 cm depth on t'-ie 
pass troatnents of t^e two different tillage 
nethods for 'ISC 4 
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(2) rototill 
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on both tillage methods shpWetl rather definite increases on 
April 17 and 29 which corresponded to the pnaks in soil 
tenperaturo. observed on the sane dates. The low CO^ per­
centages observed on April 12 corresponded to both low soi], 
temperatures and low soil moisture. The percent generally 
averaged between IR and 19 percent. In a general way the 
percent Op tended to decrease with an increase in CO^ 
and to increase with a decrease in COp percentage. 
The total average number of emerged weeds on the 
springtooth and rototill plots for the four different treat­
ments are shown in Figures 43 and 44 respectively. Only the 
total weed emergence data are presented for WSG 4 because 
no clear cut relationships for the emerged weeds were 
established in this experiment. The rank of the various 
treatments changed from one counting date to the next 
particularly for the emerged grass seedling data. The 
analysis of variance for any of the three different emerged 
weed data indicated no significance for either cultivation 
or treatment. 
Figure 43. Average number of emerged weed seedlings per lOOf) 
cm2 on the four treatments of the springtooth 
plots for VVSG 4 
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Figure 44. Average nunbor of emerged woed seedlings T>cr 
lonn on the four treatnentn of tlie rototill 
plots for WSG 4 
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Laboratory Experiments 
Laboratory experiments demonstrated a temperature 
dependent CO^ effedt on germination of seeds of Setaria 
species. The effect was modified when soil was the 
yernination medium instead of blotter paper. Germination 
of dormant seed lots of Setaria species was unaffected by 
COg increments or temperature variations. Two laboratory 
•veed seed germination tests (LWSG 1 and 2) were completed. 
Only two CO2 levels could be maintained at one time. 
Therefore it took approximately teJi weeks to complete 
Ll/SG 1. i;verytii;e an experiment was started, the germina­
tion of seed lois was tested to check for any radica] 
change in the percent germination. The results of these 
standard germination tests are presented in Table 14b. 
Table 14b. Percent germination at: 14 days of four species 
of .Setaria under standard germination conditions 
nat-r. - iQco Species 
' S. lutescens S, viridis S, faberii S. italica 
January 12 R7 86 78 96 
January 30 83 84 91 98 
February 14 89 91 86 9 8 
March 6 PS 88 85 9 8 
The largest change from one date to the next occurred with 
the S. faberii from the first date to the second. The levels 
of germination reported in the above table are rather high 
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for weed seed. Only a portion of the results of LWSG 1 
and LWSG 2 are presented in the following Figures but 
they serve to illustrate clearly the effects obtained in 
the constant temperature and constant gas flow system. 
Figure 45 shows tlie percent germination for .Sotaria 
viridis at 15 and 20° C in LWSC. 1. The percent germination 
was higher at both temperatures at all levels of COg for 
seeds on blotter paper compared to seeds placed in soil. 
There was a definite temperature effect on the seeds 
germinated on blotter paper but no apparent temperature 
effect for seeds germinated in soil. The maximum percent 
germination for the S. viridis seeds in soil occurred at 
two percent CO^. As the CO^ level increased the percent 
germination of the seeds planted in soil decreased. The 
percent germination of the seeds at 15* C on blotter paper 
increased as the COp level increased up to six percent and 
then decreased as the level of CO^ was increased up to 12 
percent. The seeds on blotter paper at 20° C showed more 
of a plateau effect instead of an increase to a maximum 
followed by a decrease. 
The percent germination of Setaria faberii at 15 and 
20° C, shown in Figure 46, revealed the same effect of 
germination media. The temperature difference for the seeds 
on the blotter paper was not as large as that observed 
with £, viridis. At six percent CO^ the seed at 15° C in soil 
Figure 45, Percent germination of Setaria viridis at two temperatures on 
two media with different levels of C0_ for LWSG 1 
(1) 15°-soil 
(2) 15°-blotter paper 
(3) 20°-soil 
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Figure 46. Percent germination of Setaria faberii at two temperatures 
on two media with different levels of CO- for LWSG 1 
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had a maximum level of germination. The maximum germination 
for seed planted in soil at 20® C was at four percent COg. 
The seed on the blotter paper at 15° C also exhibited 
maximum germination at four percent CO^ but did not decline 
as fast as did the soil pilanted seed at 20® C at the next" 
three higher concentrations of COg. Seed germinated on 
blotter paper at 20® C exhibited no maximum germination in 
response to levels of CO^ but had a rather uniform response 
to up through eight percent CO^ then germination declined 
sharply at 10 and 12 percent COg. The seed germinated at 
15® C on blotter paper also had a sharp decline in germ­
ination when germinated at 12 percent COg. 
The percent germination of Setaria lutescens in response 
to 15 and 20® C temperatures on two media at varying levels 
of COg is shown in Figure 47. Within each germination media, 
there was a temperature difference. But the seed germinated 
on blotter paper at 15® C rosponc'ecl am if had been germinated 
in soil. Seed germinated in soil at 15® C had maximun 
germination at si): p'-^rcent CO^. seed germinated at 20® C 
noil and that germinated at 15® on blotter paper both ex­
hibited maxiinuM fjernin^'ition at four porcont CO^. 
In Figure 48 the percent germination of Setaria 
lutescens at 30® C on blotter and in soil is shown. The two 
curves are essentially the same. While there appeared to be 
an increase in germination at the intermediate 
Figure 47. Percent gemination of Setaria lutescens at two temperatures on 
two nedia with different levels of CO^ for LWSG 1 
(1) 15°-soil 
{?.) lS*-blotter paper 
(3) 20°-soil 
(4) 20"-blotter paper 
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Figure 4S. Percent gerrûnation of Setaria lutescens at 30° C on two media 
with different levels of C0_ for LV7SG 1 
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levels of COg the high temperature reduced the absolute amount 
of germination and apparently inhibited any differential 
response due to germination media. 
The germination of Setaria italica at two temperatures in 
soil and four temperatures on blotter paper is presented in 
Figure 49. When the seed was germinated on blotter paper 
there was a complete lack of response to any of the factors 
studied in the experiment. Seed germinated in soil at 15° C 
exhibited a maximum at six percent COg. Seed germinated in 
soil at 20° C showed a gradual decrease in germination through 
six percent COG and germination varied at higher levels. 
The analysis of variance for LWSG 1 is presented in 
Table IS. Significance at the one percent level was found 
for all main effects. The same was true for all the two 
factor interactions but one. 
In LWSG 2 experiment the Setaria viridis and Setaria 
lutescens seed lots had germination percentages of less 
than 12 and 2 percent respectively under standard germina­
tion conditions. These seed lots showed no response to the 
various levels of COg, temperature or the two different 
germination media. The Setaria faberii seed lot under 
standard conditions germinated 75 percent. The S. faberii 
responded to the levels of COg, temperature and germination 
media but the magnitude of response was less than observed 
^ Figure 49. Percent germination of Setaria italica at four different 
temperatures on two different media for LWSG 2 
(1) 15° -soil 
(2) 15° -blotter paper 
(3) 20° -soil 
(4) 20° -blotter paper 
(5) 25° -blotter paper 
(6) 30° -blotter paper 
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Table 15. Analysis of variance of 14 day count of weed 
seed germination in LWSG 1 
Source df MS 
c". 41.73** 
Temperature 3 27.67** 
CO2 by Temperature IR 4.71** 
Species 3 149.67** 
COy by Species IR •5.04** 
Temperature by Species q 21.OR** 
Error •54 1.70 
Media 1 743.45** 
CO2 by media 6 14.20** 
Temperature by media 3 R.OR* 
Error IR 1.60 
Species by media 3 3R.62** 
COp by Species by media IR 3.0 2* 
Temperature by species )->y media q 3.40* 
Error •5 4 1.66 
Equals significance at the 1% lovol. 
* 
Equals significance at thn 1?, Invol. 
in LW5>n 1. italica data was presi.'nt-oci in Figure 40. 
The same seed lot of S. italica was used in })Oth LWSG 
experiments. 
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Greenhouse Experiment 
A greenhouse experiment was conducted to study further 
the possible effect of soil on weed seed germination. 
Details of the methods, described earlier, included 
infusion of the soil held at constant temperatures in water 
baths. 
The levels of CO^ infused through the soil averaged 
about one percent lower than the desired six percent 
level during the first seven days of the experiment and 
about one percent higher during the last eight days of 
the experiment. Results of soil atmosphere analyses are 
given in Taljle l f i .  
Ta})Io 11. Percent by volume at varions depths i n  CO^ 
and check s'oil contninerr, for greenhouse ex;)efirient 
Container 
Depth of 
sample 
in cm 
% CO y 
CO, 4.q 2 , 0  0.76 
CO2 m.4 3.0 1.R2 
0
 
c
 
to
 G.A fi.O 3.40 
Check G.n 3.0 0.13 
The nmount of CO^ in t'u; soil atmosnh.;r'-^ inc roanec' with 
cr>pth and ,1.1 the level of CO, in the aeration I'lixturr. in­
creased . Since the seecîs were rilanted ?. ^ crn rieep th»^ seeds 
in the CO^ containers would have lieen exposed to levels of CO 
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in the range of 0.76 to 1.82 percent. 
The germination of the four species is given in Table 
17. August 27 and September 4 are the seventh and fifteenth 
days respectively of the experiment and the latter date 
is when the experiment was terminated. Since there was no 
replication of this experiment the results can not bo 
considered conclusive. Considering the experiment as 
a whole the 15 and 20" C temperatures tended to inhibit the 
rate of germination. At 30° C the germination of S. 
lutescens was inhibited as it was in laboratory experi­
ments . 
There was an apparent inhibition of germination by CO^ 
at 15 and 20° C of £. italica, S. viridis and £. faberii. 
At 30° C there was a probable reduction in germination of 
S. faberii seed by the COg infusion treatment. The only 
apparent stimulation of germination caused by the COg 
treatment was on S. lutescens at 25° C. This effect was 
coupled with a probable reduction in germination caused by 
the 25° C temperature with the other two aeration treatments. 
Considering only viridis and faberii aeration treat­
ment with atmospheric air caused higher germination at 15° C 
than any of the other treatments. 
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Tablé 17. Germination of 4 Setaria species in soil at 4 
temperatures with 3 aeration treatments for 
the greenhouse experiment 
Temperature August 27 September A 
bpecies or 
water bath CO^ Air Check 69; COy Air Check 
S. italica 30* 93 01 R9 93 92 89 
25° 87 91 90 9 8 96 99 
20° 50 74 85 53 92 97 
15° 33 60 86 50 93 95 
S. viridis 30° 70 71 79 71 78 90 
25° 72 68 43 82 80 75 
20° 3 24 33 44 62 85 
15° 4 1 1 31 69 39 
S, lutescens 30° 2 5 11 11 22 37 
25° 17 3 5 81 51 54 
20° 1 0 0 72 83 89 
15° 0 1 0 83 85 78 
S, faberii 30° 57 63 6 3 59 73 79 
25° 5R 44 38 92 90 89 
20° 5 12 20 61 86 90 
15° 3 7 0 60 87 75 
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DISCUSSION 
This investigation has demonstrated sonio probable 
effects of soil aeration on annual weed seed germination 
and emphasized the complexity of interacting components 
of the soil atmosphere in response to soil disturbance. 
The observed patterns of weed seedling emergence reflected 
a differential response to soil tillage, a response,how­
ever which was not explained on the basis of the soil 
atmosphere, soil moisture and temperature measurements ob­
tained, The observed effect of a temperature conditioned 
stimulation of Setaria seed germination by CO^ in the 
laboratory could not be demonstrated with soil injections 
of CO2 in the field. Characterization of the CO^ and Og 
components of the soil atmosphere provided an estimate 
of the amounts present during weed seed germination, and 
demonstrated a generally over-riding or compensating effect 
of soil moisture and temperature, on CO^ availability in 
the gaseous phase of the soil environment. These effects 
appeared to largely nullify attempts to modify the gaseous 
phase by injections of CO^ or O^, in conjunction with tillage. 
In three of the four field experiments (WSG), emergence 
of grass seedlings differed significantly among cultivation 
treatments. In WSn 2 and WSG 3, rototilling increased 
emergence of grass seedlings but in WSG 1, disking produced 
more grassy weed seedlings. Treatments were significant for 
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WSG 1 and WSG 3 for emergence of grass seedlings. The 
significance probably was due to the consistently greater 
emergence of grassy weeds in the chock treatments on 
both the disk and rototill plots of WSG 1 and in the 
check treatments of the rototill plots in WSG 3. This 
variable pattern of emergence could not be explained on 
the basis of observed differences in such measured factors 
as soil atmosphere, soil moisture or temperature. 
Field experiments WSG 1 and WSG 4 were begun almost 
exactly one year apart. Comparison of the total weed 
emergence of the rototill plots of the two experiments 
show little similarity between treatments when considering 
the relative rank of the treatments or the rate of emergence. 
The absolute values of percent CO^ were greater in WSG 4, 
but in both experiments there was a trend for the soil 
atmosphere of the check treatments to have a higher level 
of COg than found in the pass or CO^ treatments. The soil 
moisture for the rototill plots of both experiments was 
similar and the only large difference measured was in the 
soil temperature. In WSG 1, (1967) during the period it was 
measured, the soil temperature never exceeded lfi° C, while 
for WSG 4 (196R) the soil temperature was never below 14° C 
and was generally higher. Temperature differences are the 
probable explanation for the slower rate of emergence of 
grass seedlings in 1967. 
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It was hoped that the factors measured in the WSG 
experiments might establish an explanation for the observed 
differences in weed seedling emergence but that objective 
was not achieved. An increase in the frequency of sampling 
would have necessitated fewer treatments or less replica­
tion which were considered to be at the acceptable minimum. 
Although those factors measured in the WSG experiments 
are related to weed seed germination and seedling emergence, 
it is probable that other factors are operative under 
field conditions. No measurements of soil compaction on 
the different tillage methods were made. Nor were the annual 
weed seeds from the WSG plot areas collectcd and germinated 
under standard germination conditions. 
The temperature dependent CO^ stimulation of the 
germination of weedy Setaria species observed in the 
laboratory studies. (LWSG) is similar to that reported 
by Ballard (1961) and Sells (1965). Nondormant seed lots 
were used in LWSG 1 and two highly dormant lots of Setaria 
were included in LWSG 2. Germination of the nondormant 
Setaria seeds in soil minimized the effect of CO^. The highly 
dormant seeds showed no response to any of the factors 
varied in the LWSG experiments. Germination of the weedy 
Setaria seeds in soil caused a sharp maximum response at 
either two, four or six percent CO^ depending on temperature 
and species. In contrast to this the seeds germinated on 
147 
blotter paper, usually had a broader maximum response 
spanning the intermediate percentages of COg. 
In the greenhouse experiments the aeration of the soil 
at 15 and 20® C with a COg-air mixture generally tended 
to inhibit germination compared with soil aerated with 
atmospheric air. The level of CO^ in the Soil atmosphere 
at planting depth in the COg-air mixture was equivalent 
to the higher CO^ percentages measured in the field. The 
percent of COg in the soil atmosphere of the non-aerated 
soil at planting depth was equivalent to the middle range 
of CO2 values measured in the field. No soil atmosphere 
samples were taken from the soil aerated with atmospheric 
air so estimation of relative effects of CO^ on seed 
germination in this experiment cannot be made. 
The first emerged weed seedlings of the season on 
the experimental areas were observed between April 8 and 
April 15 in both seasons. Bush (1964) observed initial 
emergence of these species in the second and third weeks 
of April. It seems evident that the conditions conducive 
to annual weed seed germination occur initially during mid 
April in centra], Iowa. 
Personal observations during the course of the WSG 
experiments strongly suggest that the microtopography of the 
soil influences the depth at which seeds of Setaria lutescens 
germinated and whether or not they emerged. While no system­
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atic data on this observation were taken, the effect was 
observed consistently under field conditions. Although 
about the same number of seeds germinated under a micro 
depression compared to a micro elevation, those under thé 
micro depression germinated closer to the soil surface 
and more emerged than from under a micro elevation. This 
effect may be caused by soil moisture differences related 
to the microtopography. 
These apparently contradictory results observed in the 
field, laboratory and greenhouse experiments cannot be 
explained on the basis of the factors measured in this 
study. The COg injection treatments in the WSG experiments 
never caused a large or long term effect on the soil CO^. 
The levels of CO^ used in the LWSG experiments, except for 
the atmospheric and two percent levels, were higher than 
those ever measured in the field. In the laboratory and 
greenhouse experiments control of temperature and the level 
of COg were possible, but in the field there is continual 
change in soil temperature and moisture which affects the 
soil microbiota and the amount of CO^ present in the gaseous 
atmosphere of the soil. The constant high levels of 
in the soil atmosphere of the WSG experimental suggests 
strongly that the level of in the soil atmosphere was not 
a limiting factor in the germination of the species included 
in this study. However, has a low solubility in water and 
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the possibility exists that under certain conditions it may 
become limiting. 
The modifying effects of soil as a complex and dynamic 
medium for seed germination was demonstrated in the LWSG 
experiments. Blotter paper is considered generally to be 
an inert germination medium for seeds, hence any COg 
effect on germination of seed on this medium must como about 
in an interaction between the temperature of the system, the 
COg in the atmosphere, the amount of CO^ dissolved in the 
water and the physiological process or processes within 
the seed affected by COp. A major difference in the germina­
tion of seeds on blotter paper and in soil would be in the 
composition of water around the seed. The soil water has 
dissolved or suspended in it many different inorganic and 
organic substances. Work by Findlay and Creighton (1910) and 
Findlay and Shen (1912) indicated that in general aqueous 
suspensions and solutions would dissolve less CO^ than pure 
water. But, if the substances present in the water had a 
physical or chemical reaction with COp, the amount of COp 
absorbed was greater than that absorbed by pure water. 
Suspensions ojE powdered charcoal and silica increased the 
solubility of COp in water as did solutions of silicic acid 
and methy-orange. 
Russel and Appleyard (1915) indicated that a second 
gaseous atmosphere was present in the soil, which was composed 
I'sn 
of the cjases dissolved in the surface films of water around 
the soil particles and combined with constituents of the soil. 
The volume of this atmosphere was not large and was 
characterized by a high level of CO^ and a low level of Og. 
They suggested that in the still atmosphere of the soil, the 
soil-water interface would have a composition intermediate 
between that found in the free atmosphere and that dissolved 
in the water films in the soil. 
The first step in germination of any seed is the imbibition 
of water. The dehydrated cells of the seed become hydrated 
and what was a system of cells with low water content and 
low respiration rate, becomes after a period of imbibition, a 
system of cells with increased respiration and containing a 
high percentage of water. Rabinowitch (1945) states that the 
primary absorber of COg in all organisms is water. The lower 
the temperature of the water, the greater the amount of COg 
that can be dissolved in it. The temperature dependence of 
the solubility of CO^ in water may be the physical causey if 
not the physiological cause,of the dependence of the CO^ effect 
on temperature. Since the physiological system or systems 
upon which the CO^ acts within the seed is unknown, the 
effect of temperature on these systems cannot be surmised 
except in a general way. At low temperatures CO^ may either 
increase the ratr of sono chemical reaction or decrease the 
effect of some limiting factor. Another possibility is that 
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at hiyhor temperaturcîs a shift in physiological reactions 
occurs within the seed, so that the COp effect is no longer 
effective. 
It is suggested that in future studies the amount of 
CO^ dissolved in the water surrounding the annual weed seed 
be determined, and if possible the factors responsible 
for any differences observed be identified. Based on the 
work of Holm and Abeles (19G8) Valdovinos et al. (1967), and 
Burg and Hurg (196 5) it is suggested that a possible cause 
of the COp effect on germination of annual weed seeds is a 
COg-ethylene interaction which might possibly have an 
effect on the growth regulatory mechanisms within the seed. 
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SUMMARY 
Uneven, periodical, germination and emergence of annual 
weeds in the field makes proper timing of tillage operations 
and preemergnnt herbicide applications difficult. This 
study was undertaken to elucidate further the role of soil 
aeration in germination and emergence of annual weed 
seed along with the attendant factors of soil temperature 
and moisture. 
Different cultivation methods and the injection of CO^ 
and Og into the soil were employed in four field experiments 
to modify the soil aeration. Soil aeration, soil temperature, 
and soil moisture were measured and emergence of weed seed­
lings determined. In the laboratory/, seed lots of nondormant 
and highly dormant weedy Setaria species and a cultivated 
Setaria species were germinated under conditions of controlled 
atmosphere and temperatures. The seeds were germinated under 
levels of CO2 from atmospheric to 12 percent at temperatures 
of 15 to 30° C on blotter paper and in soils. The green­
house experiment involved maintaining soil at constant 
temperatures of 15 to 30® C and aerating it with a six 
percent COg-air mixture, air from the atmosphere and no 
aeration. The nondormant weedy Setaria and cultivated 
Setaria were germinated in the soil. 
In three out of the four field experiments a significant 
difference was found for cultivation in the emergence of 
grass seedlings. A significant difference was measured 
due to treatments for the grass emergence. The cause for 
the significance could not be explained on the basis of 
any of the factors measured, A temperature dependent 
CO2 effect on germination of the three weedy Setaria 
species was demonstrated in the laboratory which was 
modified when the seeds were germinated in soil. Maximum 
response occurred at 15 and 20® C for the blotter and soil 
germination media. The seeds germinated in soil had a sharp 
increase in germination at two, four or six percent CO^ 
but the seeds germinated on blotter paper showed a broader 
response across the intermediate levels of COg. Although 
the soil in the greenhouse was aerated with a six percent 
COg-air mixture the level of COg at the seeding depth was 
less than two percent and at 15 and 20° C Setaria viridis 
and S, faberii were inhibited in germination. At 25° C 
the germination of S.lutescens was stimulated. 
The above apparently contradictory results cannot be 
explained on the basis of the measured data of soil atmosphere 
composition, soil temperature and soil moisture. It is 
suggested that the amount of CO^ dissolved in the soil water 
may be an important factor in the germination of annual weeds. 
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